[l^^F 



(19) ISIMa Wffrtftt&M 

(43)Bis^iaa 

2001 H (05.04.2001) 




PCT 



(10) 5fS4*RflS# 
WO 01/23069 Al 



(51) ■«M»ft#SP: 

(21) SBtiUW**: 

(22) BKStBSflB: 

(25) BfRasHOTtffi: 

(26) HSR^BS^B-li: 

(30) ffife*T— 9: 

ttJH? 11/277432 
- «Ji¥l 1/277123 
^01P 11/2771 19 
«H¥11/277122 
ftlBW 1 11/279866 
#BB¥1 1/278405 



B01D 39/20 (71) lUKA (*BS» < ^TOTfSSSIC: Ol*T;: -f 
B01 D 171J ™^5C^ tt (IB ID EN CO., LTD.) [JP/JP]; T 503-8604 

PCT/JP00/06599 ****«M«W=T 1 M Gift. (IP). 

2000 *9 A 26 B (26.09.2000) ' »«#/ttflU f*BI--3lvCflM0: (OHNO, 

*Lzushigc) [JP/JP]. »P*- (SHIMATO, Koji) [JP/JP]. 
B it B SB (TSUJI, Masahiro) [JP/JP]; T 501-0695 

B*ffi ttX** Gifu(JP). 

(74) ftSX: B H3 tofi(ONBA, Hironori); T500-8731 tt* 
•*tt*W**W2TB 12§*feCDl Gifu(JP). 

(81) ffSSfB^ KR,US. 

(84) it^B 3 - Q V (AT, BE, CH, CY, DE, 

DK, £S, Fl, FR, GB, GR, IE, IT, LU, MC, NL f FT, SE). 



1999 ^9 R 29 B (29.09.1999) JP 

1999 *P9 S 29 B (29.09.1999) JP 

1999 ^9 S29 B (29.09.1999) JP 

1999 *9 n 29 B (29.09.1999) JP 

1999 *9 530 B (30.09.1999) JP 

1999 *9 H3D B (30.09.1999) JP 



(54) Title: HONEYCOMB FILTER AND CERAMIC FILTER ASSEMBLY 
j (54) »)*>«*: A-* A V < JU» 75^^ ;U* 




(57) Abstract: A ceramic filler assembly (9) which is enhanced m 
exhaust gas treating efficiency, and which is integrated by bonding 
together via ceramic seal material layers (15) the outer penpheral 
surfaces of a plurality of filters (Fl) each consisting of a porous ce- 
ramic sintered body, the seal material layer (15) having a thickness 
of 0.3 mm to 3 mm and a thermal conductivity of 0.1 W/mK to 10 
W/mK. 



(57) Wt&: 



3 mm~ 3 mm^lJ £ 



O 01/23069 Al 



IVJPOO/06599 

WO 01/23069 

1 

m *» 



r. -t? rE7^«^J il*. 7^^±iM!OE*«'5»T**ff)E*t*5l^ 



^Br/JPOO/06599 

WO 01/23069 

2 

£: £ t <b 1" * * ^ H *> 5 ° 

^WM^v^ir 7 ^; W^i^^fuajtr t ^ ***** 
* jMa-c-iMlrr *. »-t«>**. * - " ' 7 " 

-rs. 

WW*********-*. ***W**««>*-tfcK*** 

— V ^ft t-lRS £ 5>« 

t:54i . '«!^^ h 5 

nc *»t«ciM'«*^<- 

for,. 7 > ^ W £ 



^Ar/JP00/06599 

WO 01/23069 

3 



WO 01/23069 

4 

fct5$^7^^i^ ! fi*^. «5iBv—/V*t*tt. 0. 3mm~3m 
BO |ittU HO. lW/mK~10W/mKO«M»«*W5. 

3 — 2. 5 <7)&^R Sr^Tl"5 0 



^^T/JPOO/06599 

WO 01/23069 

5 

^*«Si:0*tL/S^ 0. 0 6mm/W~0. 7 5 xnm/Wt-1* 

«»: 0. lin , /g»i:fc***^ v ^' 

**** 9 5 ***** b * A 

0 6mm/mm 2 ~0. 7 5mm/mm^^tl^, 



So 



WO 01/23069 W WPCT/JPOO/06599 

6 

116 <4, t£— o2EJfHBI05-fe7 5?^7-r /u*^£-#oggfliil::^$TSSlo 

IS 7 {4, *56WoSB-HlS?KfilO^ = ^ /v^o«4«EIo 

13 8 14, t7;^7^^*^MSti7ClfII.' 

[21 9 J4, (D^J&tyiffy-t 5 5 yf? -4 A* 9 M£-fc<V^%frtLJ:$ftwM<, 

mi i f4, ^"tf^ff^J^^— ^-^^ ^^o^ftBo 

H12J4, JR = OjCJ^WO^ = *A7-if >U#«>#4ttBI. 

nil 3 {4, ^m<DmE.mmmm<o±y ^'y9 7^^9m^^<ommm 0 

Ml 4 (a) ~H11 4 (c) ttBl 3©-fe9 5.y*7-fyV^*'fr#©«3fiie 
m 1 5 <4s S£3B0!l«>-fe7 5^7^ /u^aM^ttewflSffiE. 

Ell 7(4, mi 6 <D-fe^ 5 •^7^^!^3©7-{/^(DM§ 0 
mi 8 (a) 14, mi 7<Z>7W^*tf>«ttB)fcWrffiBI. I 211 8 (b) *±H 1 '7 
<75 7 ^ A- * ojgi&K ffil ffi iH c 

B2 0tt» Hi 9^7*/V*5 9^2 0 — fcOlfcUlffiofcWriEIS. 
m2 U4, #«t^f^^k3fe«w35»a:*»fa5H. 

m2 2(4, t7?7^7^^i^f4tia 



PCT/JPOO/06599 
WO 01/23069 

7 

^v?>2li, BI^L*v^a»roft1iSSrfllx.-C^5. Affile tt, bfc 
T^* 0 »HIMt l 0 Bt 5 5 7 7 '<*^tf^ y ^fc-C* 9 . 



WO 01/23069 ^ ^>CT/JP00/065*> 

/W* F1^IE©£*U tO^f ftH3 3mx3 3«xl 6 7m"Cfc5 (E3#!£ 
(ilil 3 5mmit) *Sflf fifc$ tt"C V^S 0 

4rJtt»TLl 2I4»V^^S1 3 tc «fc o "CSV ^ t'tfc^D ti/T v ^ 5> 0 -fe^ffil 3© 

^^^^ 7^*f i Kite, wtffim&m&z^z&&(oiz:^fcftm2ixx^ 

<7>sp^»*?L2rt 1 M m~ 5 0 ju m, £ felwtt 5 » m~ 2 0^ m"? 



_k-/JP0O/06599 

WO 01/23069 

9 

^^FlCBiiOWKft*. 3|H**?L*tf5 0,im*«*.S*. 

7 ^ HF1 (D^TL^Ji 3 0 %~-7 0 %, * <b i^i* 4 0 %~ 6 0 t 

< ft 9 *>o^<DiiSi$i^T LT 5 
" OW/mK^OW/mKt^:t«<, ^Ui3 0W/mK~7 OW/ 

v.-,V**S 15 0»***tt 0. lW/mKMOW/mKtW:tMH 
SfcfcttO. 2W/mK-2W/mKTfc5:i:#ff*U\ 

tt,^*fll5«)«tllt0. Smm^mmtfeS^MlTfe. 

a i 5 ******* * ^ 7^ F1 m^R***** ^ 

*0. 3»»*ItfcSk. *#*IR«tti=tt*e»ftV^lB, 



^^T/JP00/O6599 

WO 01/23069 

. V _^«S 1 514. **< k »»'«f 

**** u-civ^bxftsmit***^** - 1 *a* 

,*». ■ 1 0 «t*~ 7 0 * * U < '* 1 ° " % ~ 4 ° " % 

t v ■* 9 f 'J St # s ^ ° 



^^T/JPOO/06599 

WO 01/23069 

~ 3 0 Sft%. W* L < « 1 S*%~ 15St%.i«*t<tt5 S*%~ 9 
t , HtL<11 0. 4«*%~0. 6lt%tM. 0. !«*%*««>** 



^^TT/JPOO/06599 

WO 01/23069 

1 c* 

< tt 1 0 it%~ 6 011%^ J: 9 #* U < » 2 0 - 4 0 

*<bMI»*«>**^ 0. OUm-lOO„ B . #*U<I40.. lMin- 
15mhu J:9#*U<ttO. i M m-10Mm-C*>S. »«# 1 0 0 , mtrfH 



^PIcT/JPOO/06599 

WO 01/23069 

13 

o 

*«»»-Ctt«*aL*«r2 1 0 2 3 0 0^Ktt*fCV>5. 

o 

-t 9 5 y * ? * ***** 9 K v ? v y^m^^xmrnz 



WO 01/23069 




PCT/JP00/06599 



14 



i - 1 ) 

(D jpi^^i o nm(D a mmtmmm*s i . 5it%t, o.' 

(>f^t;up-^) iTki: ^^tM'tie . 5fiS%, 2 0li%folD 

oIK{liS*ft*t l -" C > 10m m©t)WliI^I)IlS^tM 

<D^d d d^ : C- 1 0 0 0 F) ¥W€^0. 5ymW^(DliMIiI 

***tfc«©isa* : GC- 1 5 *m^*L 0 

V N X 2 2 0 0 < CX'^3^Fp1^Lfc o ^7L||-e^-^A^cD^<k^ 
«7-f /U^ F 1 «r#fc„ 

.( 3 ) ir 5 5 .y 9 7 r 4 (7"^ 5: l> ^— h ± 7 ^ y ? ~? T 4 > a v 
h^"*^ 3 %, £ 0 . 1 mm~ 1 0 0 mm) 2 3. 3lf%, ¥^510 

. 3 M m©*ft;t*»*3 0. 211%, »i/M^i:U©->y*^ (V 
. vKDSi0 2 O&»*{*3 0%) 7 11%, «/^y^Ht(DA^>yy^ 

5 iiroS^Tk 3 9 tt%sr?^ • si ufc 0 -oiaaMfe&iiys 

(4) "7 ^ F 1 Ofl-JSlSlwitsJfEv" — ^ItS^Rfeffi^— ^ H f- 



WO 01/23069 W W PCT/JP00/06599 

15 

t~ i o otx i B*mo*f*K:-c*fci|l • $SS{k£-££o 7^^F1I?I 
(5) TOyh^*lttM^Sx.5:i:i:i^ ftfrSR^O-tr 

dfeJS^J 1-2,1-3) 

HJStfiJ 1 - 2-C«. ^-/vttll 5©JiS t lSrl- 0 mmt^^L, ^rixJ^ 
^^I^*9^«Ufc, nffim3l?te. ->-^Il5©?5.tU2. 5m 

Hb^t2iWi^*9^, *«E0y l - 1 £ # £ RISK — £JWWJte/B 

mmwn-4) 



Ctr/JPOO/06599 

WO 01/23069 

16 



WO 01/23069 

17 



'CT/JP00/06599 



(2) ^»^^->-^I15ll I^T10li^7 0li%» 

(3) ^»l:fclt5->-^il5it Ii^lOOmmOTt7 5v 
;7T^rtt^5. ^oT, '^M150« t 1*B**< 3m 

(4) iW3ti%~8 0li%Ol 
(!) #M«KiJ 8 *t6v- >u»Jil 6tt, W<ii«IWI..M^^ 



_ ^|t/JP00/06599 

WO 01/23069 




18 



bjPOO/06599 

WO 01/23069 

19 

/HB18**i-6. T-/HBl8O**ttR-0. 3-2. 5Tfc6^^ 

~2. otfc6:HU!)^u\ 

****** W;«otlt^ . W #2 90«li*0«Tt»<. 

(HJS09 2-1) 
^29 &rf£££Ufc 0 

($2911 ft«)X5l*t«ii-CV^I^W^^ttofc. 
(*W12-2, 2-3) 
«lkM2-C»:, 7^l8»*«R-0. 4KMU 
ov^tt»*Wfc**« 2-n:»ifU^:^t7v^ 7 -r ***** 



WO 01723069 W ^CT/JP00/06599 



20 



Wfcftfc. HJ£#J2-2, 2-3Wi^2 9t), ffi*T»«fc«iVt 

(HJse>j2-4) 

(H1£#J2-5) 

i 8 comm^R= i - 5 iznm.vtz a 

tt:9-SrfP»Lfcc %oT. #^f$2 9 &*J*-t-**-'^= * ^ * i^* F 1(4, A 



WO 01/23069 ^ •cT/JPOO/06599 

21 

o*7y*#B&Jt£*u t?5^7-f^**#29#*IU:<<ft5. «£ 
7 ^^F1 ^SVM^fe. Lttti-CE***tfc*5 ***** 2 2 

Bl3tt ; 9 5 * * 7 * ***** 3 9 OiRAft 

[D13, HI 4 (b) tc^SttSJ:?^ »=M»iOt9 5 v*-7<*9 
|^3 90^I3 9ci:ii. +95 ^»^/i»Wl 6 



WO 01/23069 

22 



7JP0O/06599 



\ SfefcttO. 3a»-2»m^5:i:-«Kff*t<^K'»0- Smxn- 
***** 9 OMB 9 c fcMDDdb 1 7 ^ * * S ^^ *** 



WO 01/23069 — PCT/JP00/06599 

23 

i»»7^H Fl It, roi**TB:*^©.'bO#iaAS^*>5 

o 

fcl&fc. *H*»t|-Ctt*J«a««r"2 1 0 0t~2 3 0 0°C^ISJ£ LTl^o * 
. i©P#A-Ctt, Ell 4 (a) .(c***tSJ:5lw. *5 5y^7-f^**#3 

o 

*fc>itt*, B14 (b) C***tSi5C iiP!**01r55^7-f^i 

3i$«8»W^«*mUK*0, LT*IS)@3 9 c dGOfi 1 7 

aa£bl7(i, 0. 5mmMmm»^t^t, i^39^M ( 



^Ptr/JPO0/06S99 

WO 01/23069 

24 

, [H14 (c) ^£*t<5-*7 5: y?yj/i>*m i && 3 9 75S^fi5ci-5c 

(H»J 3 - 1 ) 

(l)a S»K<fcg*»* 51.5 li% * 3 Sl*<b**»* 2 2 lf% > *« 
»fe*t*:a*4fcfc*»^^^ ******* 

(3) t7V^77^< (7/^tH^-^7V^77^^ ">3 f 
^|*.3ll««0.'lm»MOOma) 23. 3fi%, WtO 
. 3 M m©*fc**»* 3 O . 2lt%, ii^^Ht^y*^ (/ 
^©SiO i O*»*l±3 0%) 7fiS%. tt^^fctT»)*^W^ 
* 5ft%St/7K3 9lt%t^-^Ufc. c 

(5) **** h***l^*J**tt**-*KJ:!K WSSn*^* 



„ ,„ Iw r/JPO0/06S99 

WO 01/23069 

25 

{fcLX, fSO. 6m-xn©DDi!b*«lJil 6 U 3 9 

* f 1 1 <d*jmmk wihmmm 1 e t i 5 t ©»jm#«H*Tiifc 

owe*, ^^tt4W4i^fc. fto^" £*fe©»*»#fci«v*« 
_ nt ^: tisfo^ofc. tot, f£»]rawi 

(Jt£ff! 3- 2) 

5 m*%, «***0. Imm-lOOnnn) 25**%. 0 „ m» 

«K*tt2 0%) 7 S *%> «^Wfcito#y^T^o. 5 
' tut. JllK«lfcPI*©l*9K«*«:ffofci:r^, *HB3 9 c^ODfll 7 




PCT/JP00/06S99 



WO 01/23069 



3-2 t^m^J 3-it fs\mzs %$hm± < z^t &mbt*t 

O fee 

(2*JfeflJ3-3) 

mS%. ««t**0. 1 mm— 10 Omm) 2 3 11%, 1 m m(DHbi 

Ii2 0%) 8 11%, ^i^y^itT©xf;vt;un-^0. 5lf%S^ 

6t7>f^FU nnib#?BJi let ->-^W£ 15k <omnm& 

£7c, *-g-fls 3 9 (DteJB^IwiSV^^^fl-JBE 3 9 c fcttK , 
3.-3 t>JMfc«3- 1 ^it, ^^Wi<»lX#5rH^f)^i: 



^Ml® 3 9 c tZdn&ffiWm 1 6 *rt£*t^ - ttL, 
^ L"C, HWi 3-1 i ra«RwwiR«*4rtrofc £ fl-J^S 3 - 9 c Kte 



WO 01/23069 W ^ PCT/JP00/06599 

27 

o 

(2) GQdbflMSJE 1 6 <DW£& 0 . lmm~l 0 mm©i?l$QlrtCS^^^X 
(75 <& T * s * ^ 65 it $ 5 o 

w&mmm 1 6 t-y-^um 1 5 t<Dmmm&w&$t^< fca*<os*fc:J: 9 ; 

Ml 5. l6©#»»^^7y^4tt<<4S. 0*5, mtmni$2r 



^^T/JPOO/06599 

WO 01/23069 

28 

;u^i^^^t5^r.^t#^ ** F 1 trXV^tei" b Lfc*«-CSi 

Biflii, MWOJSBB 9 ^ * * ^ ****** 4 9 «>«»*>* 
4 F 1 0 0 

L (mm) t**+*. ^n7^fFl00W*^» 




f/JPOO/06599 

WO 01/23069 • 

29 

#) <bffi»*r» (mm 2 ) h^Mrt^. 

~<Dm-£. L/ S ffi£ 0 . 0 6 mm/mm : ~ 0 . 7 5 mm/mm 2 £ i" 5 r. t 
#**-C*6. L/Sc^ffifiO. 10mm/mm—0. 6 0mm/mm 2 

-C*,S^fc* $ a*U<, 0. 1 5 mm/mm— 0. 4 0mm/mm ! tfc5: J: 

^*S5g^U^"r<«:S. L/ S « i?0 ' 0 6mm/mm 2 ^^T'$>^ 

7^^^«*Ltt*flcft«-ttl 2 0mm~3 0 0mmtfc5;J:^L<, 
W :ttl40mm-20 0mmTfc5:^J:9»*^ 7 -r *riE* S tt 
^,: ft 4 0 0mm 2 ~2 5 0 0 m«n"e ft, 5 t *#* U < , »Ktt6 0 0 m 

ro2 ~ 2 o o o^tw: HUO^ i^ 0 s ©«*«_hiB»ifittH^-e 
fcJ& ^ ^^7^^fioo«^MC, ****** 

4 - 1 ) 

7^F100Otf+*Wlli33-, i^SW2tt3 3i,ftSHil 
14 ( 1 6 7/1 0 8 9=) 0. 15 mm/ mm 2 t 

Ht,B18(A) ',Hl8(B) K:*S*L6J:5iw, /^#A7^*F 
l^i:ift5i:Hi:, «M P i~ P effect ****** A T ( C C) 




PCT/JPOO/06599 



30 



- l AT (°C) ^5^^^ ^oijgfifig^-C/h^v^^T'fc 

(mi&M4- 2~4 - 6) 
2l1i£#j4~ 6^*51^^ g^(wfi^WJ4- 1 tiH«{-^#^4 9£r£!5i 

TTt-ffiWl §r5 Ommi:, i:W2l:5 Omra^. S£L£l 5 Ommt^n^rH 
^^LfCo t£oT, 7>f/l'^8T®aSli2 5 0 Omm 2 t^^ L/S<D<Ste ( 
15 0/2 5 0 0=) 0. 0 6mm/mm ! t^ot„ 

HJ£0»J4 - 3 t?l±. TTl- ffiW 1 £ 2 OnunlC. J: d Tt"^W 2 £: 2 0 mrnlC. ft £ 
L £3 0 0«un^^n^fn«JEUfco ^oT, 7^V;?i®ffiSli4 0 0 mm 2 t 
t£<), L/S(Dl« (300/400=) 0. 7 5mm/ram ! i^ofc 0 

£116084 - 4 -Ctt, ttfSWlSr33d:, i w"+ftW 2 & 3 3 mmd, ft £ 
U 2 3 0Mfc**l**,MLjfc. ttoX, 7-f^Wrffi«Sttl 0 8 9 mm 2 
tt£V. L/SOlttt (2 3 0/1 0 8 9=) 0. 2 1 mm/mm 2 ft o fco 

L*3 0 0nmt:W^tt„ ^oT, 7 ^^Srl^S l± 6 2 5 mm 2 1 
L/S<Dffi{i (300/625 =) 0. 4 8mm/mm J t^oto 
HJSW4-6-e»i, fc-C^j-feWl «r2 2mmlC £ ' 2 2r 2 2 mmSC. ft $ 

L«r3 0 0M.i:W*lRSL-t. ffiot, 7 ^ /V^ WfffiW S (4 4 8 4 mm 2 <b 
&.<9, L/SWlli (3 0 0/4 8 4=) 0. 6 2 mm/m m : t t£ o o 

Wlfcttot. *<Z>«*. ft*fi*2lAT- (°C) li0t-10tSf^^ * 
<Bffltt««>T'K3^fca)Tfco*: 0 ^fnw/^*^7^^F l 001: 




_ __|jP00/06599 

WO 01/23069 




31 



T / s CDlilti: (400/400=) 1. 0 
0 mm/mm 2 fcfcofc, . 

t «„ L/S«»*t (1 6 7/4 9-0 0-.) 0. O.Wyt*'*. 

^ a. - * . 7 * /U* F 1 0 0 (7)^!:5oT^to 



WO 01/23069 

32 




►CT/JP00/06599 



7 ^moo45WLC<<ft5. :oi9i:i*^^^^Fi 
0 0 ^»*rtli^HB «*tfcM*r*f** ***** 

U) ^i7^HFlOO<DW, L/S*Mt#6. 0 6mm/m 
m ^ 0 . TSmm/mm^Wt^Wl Rfc*, = Aft**!**** 

5 9 B20B, Bl9«D7^*59©2 0-2 0*tfiofc 

A5 jj A7if ^ 5 9 0t;^«glil 2 OP/ inch 2 (1 8{@/cm 2 ) 

»Ji, J:9**«fctti 20M80li/i „ch'o«it*)6:^ffn 

1 3 0***0. 46m»J:n*t<t*ltf, >^*^-f^9^*B 



^BpCT/JPOO/06599 

WO 01/23069 

33 

,^*J*7 4 9 «>¥*&*7LSI4 5 M m~ 1 5 y nu £<b(Cte8 m~ 1 2 
:W 5 t f/^, «i^«Tt, - h«)*a«IB*sa*^ix5 

c 

^^7>( /U* 9 <Oft5L*r± 3 0 %~ 5 0 %. £ <b iCte 3 5 %~ 4 9 

0 t 2 0%~8 0%, ttfctt2 0 %~5 0 w ##* UV^. 

~TV^ *'HB1 3 El****, M*-t-6»«*Ll 2IB±«:» 

/N = *A7-f^9«; *0*#«*srt**H^*5^ 1/4-2- 

^ ^ ^ a u _ h ojm**' i,^ -< 9 <t> a tt* 9 u < 



WO 01/23069 — _'pCT/JP00/06599 

34 

(mia^J 5 - l ) 

lB#JtX«K:*v^-C. :«tt»#*4 0 0tT»Riltl, Sblw^ixSr.Ufffi© 
T/P=T^M*TlwS3V>r 2 2 5 OMfci 3 bfc. 

«M*10|.», **L«*4 2%. *?uc*rc-aM*a.«>« 

^ 2 5 %> t^M#150l/i nch\ 3 0. 4m 

5 9f±> M#l 0 0mm, W2 0 0mm, 2 3 0 0 cm 

*KL.§l^fc(W**^5. t^«13O**tt0. 4 6mm£AT. J: 9 
fiO, 2 0-0. 4 6 mmOttl'Cfci - t ^ v '» 

,M59^->^8rti:^U. ^U, SW3 0 0 0 C c*>* 
T«Ww*5»t*#«L^^^^«fc*** Lfc - ^^^^ 



WO 01/23069 — oc _ FCT/JPOO/06599 

35 





* 5 - 5 9 ffl 

11 


Um) 


(%) 


■j— j— 

(%) 


(mmAq) 


-» -l B 

(g/km) 


MM 
(MPa) 


Jill® 
(cm 3 ) 




xim 




10. . 


42 


25 


80 


0.01 


6.5 


2300 


ft 


ltt«2 




6 


38 


30 


100 


0.01 


6.2 


2300 




*M3 


Kftif 


14 


4B 


45 


60 


0.015 


6.0 


2300 


H 


JtMl 


MIX 


3 


10 


10 


300 


0.005 


7.2 


700 


f. 






20 


70 


15 


40 


0.04 


2.5 


7000 


I 


KIH3 




30 


20 


15 


120 


0.015 


3.1 


700 


I 



* 1 C^SiX* <t 5 fc. XttH 5 - 1 -CUBE*)** A P 8 0 mm A q T'*> 
(HJStf'J 5-2,5-3) 

# A 7 5 9 0H(M|0**IIIffi 5 - 1 t B Ufc. X. **»»©E 



WO 01/23069 W WPCT/JPO0/O6S99 

36 

(4. 0. Olg/kmtfc^ ^ciiiiKit/i^^^-cfcot ^=.*j*-7 

Hie. /n=* A 7 /w^ 5 -9 I: ^ 7 y ^ ©JEftllBft t ix<t^o fc. 

3fli, m^L^TJS i 4 ^W4 8%, »iI^?Lco#&s£# 

4 5 % T'fc 5 #?LI^{bSf = * A 7 ^/^ 5 9?r#fc 0 CCD^OS 

t>(?3t*foofc 0 df-a 0. 0 1 5 g /k m-Cfc 9 , -?r<0 

fit^ftt/h^V^^Tfcofco ^ = 5 9 0ft*f34t«f4 6, OMp 

(Jt««l-3) 

Jt^Fd l ~ 3 t33^"C<>, g:$:ift{-{4ll3fc£iJ5 - l 
^£ (3 0 0 0 c c) CO 1 /4^*^t-^^ 7 0 0 c m 3 ir Ufc c X, ^ = # ^ 

ItnW 1 -Cf*> *L7Lg# 3 M m, *C7L*# 1 0 % % «ilM7L<D#^^>65 1 0 % 

{4, JE^lW^A .FAMS 3 0 0 mm A q "C*> «3 . *©tttt«»T** V*fc <0-TNbo 
fc. y^>f dfa U- hO»iX*{4, 0. 0 0 5 g/kmt'fc^ *rOlSK4««>T 
/h$V>t><^"C*?ofco yu^©ftlfa«*4 7. 2 M p a "C<fc 9 » ^ 

Jt«OT2"C»4, f ^*CO*£#:ffi£IIS£#'J 1 - 3 4 «9 

(3 0 0 0 c c ) CO 2mSX±.X'&>Z> 7 0 0 0 c m 3 i Lfco X. ft'?L 
gj&s 2 0 m m, 7 0%. miim?LcO#^m*s i 5 5 #?Llf£HtS 





LlPOO/06599 
WO 01/23069 

37 

g|j:7 0 0 cm TiO^'-o 

SLb© i 5 "it. «« 5 - 1 ~ o - 3 . JtWJ 

(KM*) , v-r*tt>**#**' N 
v«T.*tt*>or. tt««3-Ctt, Waff** 5 '--* 



WO 01/23069 

38 



7JFO0/06599 



(4) A= j,^,*? 9I .8»9*f •< -^'-"^ 2 M 





^r/JPOO/06599 

WO 01/23069 

39 

« UT t, * V«. • = ^'^ S23!t ' ****** 8 ~ 12 » m 

»*»*»«««. ^ 59 ^ ! 

c 

6 - l ) , 
«*«,.= <*»«« B - 1 t 1 3 0 • 

nch 2 ir/^il 3Wf?f^0. 4mmt'f)ot„ 

<W5St ,-,,»^^t. s o.o o.c»r 



WO01/23069 4 0 ' PCT/JP00/06599 

^i^itfcSff^AP (mmAq) <B*5**^Te>* 2 K 

* 2 







<1H2 


Jtttfll 


(cmVg) 


0.3 


0.8 


0.05 


EA»*(mmAq) 


180 


120 


250 



y Afr? 5 9lZ&^X, E^m^A Ptt. ZtlZrftl 8 OramAq. 1 2 Omni 
AqX'&K). JtS^t'li 2 5 0 mmA q t'ibofco tSot, ^16^6-1, 6- 

(1) /n^^j a^A-^ 9 Oir^S 1 3 Sr^jSti-SSt^wttftn^^o , lm 



WO 01/23069 

41 



WO 01/23069 



42 



7JP00/O6599 



1. 2-*rt>#?LS-l?7 S (Fl)«>*W 
5 (15) ^^**t5lfcl:J:9-i*ft^fc 

HJIB^-^WJi (15) 14. 0. 3mm~3mm<7>J?£ (tl) ft*L ; **o 
0. iW/mK~l 0W/mk©!lSfi**«:*W5Ii:«:»«i:t5-fe5 5 

3. Hi#g[i*fctt2^IB*©-fe95y^7w>^*'frW-*3v>-c, WES' 
4 w#J3t j 3 a>v^-rJ^*» l JS^fStt^ ?5*^7-f ^^S^fr^*5 

O) ^»Sfct5 5^R^« (15) fc*^**-*-*-^**- 
^*ltt7$^7^^i^ (2 9) "Cfoo-C. 

8) **U ^T^ittO. 3-2. 503ft*R**-r5rt«r1**i:i-a 
6 . ** i s#7L«-t^^y^**#*»?>**«*«> 7 -' /1 '^ (F1) 0 * ,B 



r/JPOO/06599 

WO 01/23069 

43 

t7V^7^Hl^ (3 9) T'fco-C. 

Sn, t?S'/^*^45l!fl£.#al (16) fcf«:il:»itt5t5 

5 y V ~7 4 fr&M'ofca 

«0. 1 mm— 1 0mro(7)ff$lrtt5o 

(F10 0) (15) ^LTitt^i: 

CJ:9-#ft*^t95^7^m# (4 9) X'fooX, 



WO 01/23069 



44 



PCT/JP00/06599 



1 3 . 8t#>5 1 Tb^. 1 2 cov^-f fLTb^ 1 oizfEtgOir y % y t 7 * A*?M&W 

1 4 . ft* 1 ! 1 75^. 1 3 ©v^-fit** 1 olcfE&Oir 9 ^ y 9 ~7 4 /^fM-ute 
\zts\,^X. MKi'— A'ttStt, TOT* 1 0 7 0 f !) ^ - 7^ 

* y?7T 4''*. lIi 0 /o-3 0lt°/o©'>!)*^K 0. lfiS%~ 

1 5 . If 1 1 4 <DV^i*ti/d> 1 oi^fBtfeOir 7 5; y ^ 7 -r /v^ 

16. QAlfitivm. (13) tc«fc oTESi^tLfclt^c^ir/V^^-L. tulEir 

5 2 3) <Dftmw*-ty ? y^«->-^«-Ji (5 2 2)^LtSf*t5:ii: 
j: »j— ftc-ftsnfc^^*-^^ w^^*^^ (521) -efooT, 

17. #7lfHry S y *&J*{*!6»fcfc5iilfc' N =-'#-k"7 -f (F10 0) 



WO 01/23069 ^ — PCT/JPO0/O6S99 

45 

■J-5#|6jl£i8tf /U*tfffi«S £<&JfcL/S**, 0. 0 6mm/mm 2 ~0 

7 5mm/mni : t'fe5:i^ii:n^n7^^ 0 

18. #*L«-fc9 5: y fcfc*^-*-^ •< (59) IC^d^T 
✓v^a^^/V*© 3 ?****^* 5 5~ 1 5 |imT% .3F^I*7L*^3 0-5 0% 

19. ftl^^l 8 t~fS«t£>^ — *i7^f/l'^IC^V^T, spifcSSTL^as 8 ~ 1 
2 m m*»off*&«l?L*30S 3 5 - 4 9 %-Cfe 0 . JtififcTL 2 0 ~ 5 0 %T? 

2 0. ife^Jgi sxiii 9iwE*©^-*A7-f ^^iidsv^» IiwSi 
astJikfls (14) |cj;9#JtSnfc!l5i*>-fcA'i:. H©tM;t;H^iMt 

6 i: t t>fC gHB'-tyV*IS®i"5-fe-«HS^I¥^-* s 0.46 mmJ^TT-feS. 

2 1. -fe^SE (13) l^J;o-CKBi*^fca«fc«>"fe^**U W.fB*^«t- 
j ;oT/ <f^-^-^^»^ 5A - ^ ' A7 ^^ (59) l ~* 3VV 
T > 

HtiE-fe ^mzmfc-t z>%ai-<ntt&mmfr o . 1 mV g a±-r-fc5 - t 

2 2. Ifl* 1 ! 2 1 {3f2*e^/^ — ti J* ~? 4 \X s tfilEir ^Ute. £fc<fb 



9 ©CTA 



[7JPOO/06599 

WO 01/23069 

46 



2 4 



**«H (2) <D»M*&»l*fenfc4r— (8) rt«wE«* 

,| 0 ^ A 7^# (5 9) ***fc#*#**fc*« CD Kl*V-C, 

fME^* A ^ X O ****** m-C-; ****** 3 0-4 

* 8^12,^ ****** 35^4 90^^ A 

***** (14) mW****!"*^ Il,t;M:t.i^U 
H* L 2 J: 9 Wit * 2 <Dir 

2 7- W *«2 4-2 6 05%V^**l*wlB*»#**^^*« K * 



WO 01/23069 



2/19 



7JPO0/06599 




/ 



en 



in 



CM 




O) 



WO 01/23069 




3/19 



PCT/JP00/06599 



5/19 




WO 01/23069 



7JP00/06599 



6/19 

Fig. 6 



_ r/JPOO/06599 

WO 01/23069 "****"" 



7/19 



WO 01/23069 



PCT/JPOO/06599 



8/19 

Fig. 8 



F10 15 IB F10 




F10 12 18 F10 



WO 01/23069 



PCT/JP00/06599 



9/19 



Fig. 9 



F10 18 



F10 



221 





15 
14 



18 F10 



18 F10 



WO 01/23069 



'cT/JP00/06599 





Fig. 12 



18 



WO 01/23069 



/JP00/06599 



11/19 



Fig. 13 



39 



39c 



Fl 



^.0D 0OBD0 ohoed 



JDE30 

1O0D0 
IOBD 



E2D0CIE 
□ 0DED 
0D0D0 



0D0D0 
□ 0D0D 
□ 0OQ 
0D0D 
F1 \i]QO0 



□ E2C3E2D 

□ 0DQD 



0D0D0 



E3D0DE2 
□ 0DE3D 
0DQD0 
□0D0D 

BD0pg 



0D0UU F1 

□0D0D\ r 4 ; 

□0D0Q 
QD0OQtt 12 



15 s 



Fl 



0D0D0D0UWD 
0D0D0 DHDSH 



0DE2DI 

0QE2J 

□ QJ ^ 



WO 01/23069 



PCT/JPOO/06599 



12/19 



Fig. 14(a) 




39c 





39c 



Fig. 14(c) 



WO 01/23069 



CT/JPOO/06599 



13/19 



Fig. 15 



321 



□ 0 
□ □□□□ 



□0DQD 
□□□3D 




□□□□□ 
E2QE2DQ 



0D0D0 
□ 0D0D 



01 



□ED0D 
□□□□□ 



□ 0CJ0D 



Fl 



ID0O0 
I0D0D 

JD0O 



10 



□□□□□ 
□ E3DBD 



□□ED0 
□0D0D 

□ 0D0D 
□ EDO 



□ E30E30 

□ □□□□ 



□0D0D 

□0DE3D 
0D0DQ 



15 



paoED 
|En0D0 

IE3O0D 
OE3 



Fl 



□ 0D0D 
BD0D0 



□ HOED 0D0O0 DHOgg 

^□taD0ini^DaDl0DBa' rj 



0D0D 
□0D0 
0D0D^f 



0DE3DQ 
□□□□□ 

□ □□ED 



□0D0D 
0D0D0 
□ 0D0D 
□ 0Q@ 



QD0D0 
□BD0D 



□□□HD 

□ E2O0I 
0DI 



01 



01 



WO 01/23069 



PCT/JPOO/06599 



14/19 




WO 01/23069 



PCT/JP00/06599 



15/19 




WO 01/23069 



VJP00/06599 



16/19 



m 

Q- 



CD. 
Q- 



00 

d) 



in 
□_ 



OJ 
CL 

i 



o 
o 



00 
LL. 



ID 
CL 

in 



Q_ 



□ □□□□ 

□ □□□□ 

□ □BOB 

□ □□□□ 



rn 

CL 

CVJ 
CL 



O 
O 



WO 01/23069 



CT/JPOO/06599 



17/19 



Fig. 19 




59b 



Fig. 20 



WO 01/23069 



7JP00/06599 



19/19 





INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP00/06599 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 B01D39/20 



Acco rding to International Patent Classification (IPC) or to both national c lassification and IPC 
DS SEARCHED 



mentation dc^= Jj S 

S^its^sSSn Koho SE-SK Jitsuyo ShinS Keisai Koho 1996-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI (DIALOG) 



C. HOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



X 
A 



EA 



US, 5914187, A (Ibiden Co 
22 June, 1999 (22.06.99), 
See the entire document 
& JP, 8-28246, A 

Full text ^ ■ 

fic WO, 97025203, Al & EP, 816065, Al 

jp, 11-114339, A (NGK INSULATORS, LTD.), 
27 'April, 1999 (27.04.99), 
Claims; Fig. 1 (Family: none) 

US, 5853444, A (Thomas Josef Heimbach GmbH & Co.,), 

29'December, 1998 (29.12.98), 

Claims 

& JP, 10-15323, A 
Claims 

& EP, 796830, Al 

JP, 2000-210517, A (NGK INSULATORS, LTD.), 
02 August, 2000 (02.08.00), 
Claims; Fig. 3 (Family: none) 



5-9,15,16, 
18-27 



1-27 



1-27 



1-27- 



□ Further documents are listed in the continuation of Box C. □ See patent family annex 



• Special categories of cited documents: .... 
"A* document denning the general state of the art which is not 

considered to be of particular relevance 
-ET earlier document but published on or after the international filing 

"L" doorment which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 

-P* document published prior to the international riling date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 
"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an invenuve step when the document ts 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
tt &" document member of the same patent family 



Date of the actual completion of the international search 
06 November, 2000 (06.11.00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 
Form PCT/ISA/210 (second sheet) (Juiy 1992) 



Date of mailing of the international search report 

14 November, 2000 (14.11.00) 



Authorized officer 



Telephone No. 





BBSmS#^- PCT/J P0 0/06 5 9 9 


C . 














A 


US, 5853444, A (Thomas Josef Heim 
bach GmbH&Co. , ) 29. 12J3. 1 9 9 8 (2 9. 
12. 98), Claims & JP, 10-15323, A, 
#f^lW*0®H &EP, 796830, Al 


1-27 


EA 


J P. '2000-21 '0 51 7, A (B*^-^:^:) 2. 8 
J3. 2000 (02. 08. 00), #?ffi^O«5ffi, 0 3 (7r 

$ y-*u) 


1-27 



^PCT/ISA/2 10 (»2^-S*BlMr) (1 9 9 8¥7^) 



e„sp@cenet document view 



? CERAMIC FILTER AGGREG 




Patent number: 
Publication date: 
Inventor: 
Applicant: 
Classification: 
international: 

- european: 
Application number: 
Priority number(s): 



JP2001 162121 

2001-06-19 

ONO KAZUSHIGE; SHIMADO KOJI 
IBIDEN CO LTD 

B01D46/00; F01N3/02 

JP200001 65978 20000602 



Abstract of JP20011621 21 
PROBLEM TO BE SOLVED: To provide a 
ceramic fitter aggregate hardly causing the 
leakage of fluid at an outer penpheral surface. 
SOLUTION: The ceramic filter aggregate 9 
constitutes a part of waste gas purifying device 
! in the ceramic filter aggregate 9, respective 

filters F1 are integrated by bonding ° uter 
peripheral surfaces themselves of p ura I fitter 
F1 consisting of porous ceramic sintered body 
through a ceramic sealing material layer 15 
The section of the aggregate 9 is subjected to 
eternal size cutting in an almost circular 
snap™ as " . whole. An unevenness eliminating 
layer 16 consisting of ceramic material is 
formed at the outer peripheral surface 9c 
exposed by the external size cutting. 



Ft 



[go 



□aoao 








□E2 



□ □□SO 



^0CISO|f2D^g^ 



□CE3 



•Ff 



0G0OQT 13 



OG3D: 



□ E2Gt2Q 



a 1 * 



Ft 



Data supplied from the esp@cenef database - Worldwide 



http://v3.espacenet.co 



m/textdoc?DB=EPODOC&[DX=JP2001162121 



(19)B*B#!W <JP> (12) & PI ^ Ift 



(51)lnt.a' 
B 0 1 D 46/00 
F 0 1 N 3/02 



3 0 2 
3 0 1 



(A) (iDfcSfaiSi&WS^ 
&BB2001- 162121 
(P2001- 162121 A) 
(43)&B8H ¥fg!3¥ 6M19B (2001- 6. 19) 



F I 

B 0 1 D 46/00 
F0 IN 3/02 



302 3G090 
301B 4D058 



(21) WH*^ 

(22) ffiHB 



& K2000- 165978(P2000-165978) 
3P«12^P 6 H 2 5 (2000. 6. 2) 



(31) «5fc*3i!SS^ WB^H-277119 

(32) «5£B ¥J£11^9H29B (1999.9.29) 

<3S)»9m&sm b* (jp) 



(54) -t^ay*?-^**** 

(57) ' 

■fe 5 5 y 9 7 A * * *£<**»0W* c ^ • 

9 B. £-?L®-fe Vm.m 
F 1 ©»«iBB±«r* 5 5 » * 1 5 

tg^r-SC iiCtO. *7-(*J | F 1'*— tfcffcL/cfc 

KB. *9 5 » *«*»6«Cftiai!MIHMi 1 6*»J&«3** 



S3t§t:£ lf*3B©R6. OL (£12 M) 

(71) tUKA 000000158 

ttWfcfcwwMwr 2TB it* 

(72) 5£9U# — * 
CTOSffl* SrF #=• 
(74)fS3A 100068755 



16 



Fl 



14f 





□0DQD 
0D0D0 
□ 0D0D 


□0D0D 
□ □□□0 


□0Dk\ 


fnQD0D 
A2D0D0 


□BDE3D 
□E3D0D 


□ 0DE2D 


□QD0DI 
QG0D0T 


\dE3DE3D 
PDE3D 


QDQD0 
□0D0D 


0D0DB 
□0DE3D 
0DQD0 
□ E2D0D 
GD0DE3 


□ QD^F 


W]I2D 
Fl^ 


□ □□□□ 

4O0D23D 


□ 0D0O 
0DQD0 


□ □S3J/ 

j^^Fi 



Fi 



Fl 



(2) 



[H*JS 1 ] ? 

SJSSPB tt^*SR = 0 . 1 mm~ 1 0 mi«ii» 
«Ktt-»ti,>5Cit«»tt 1 * *t« 2 K IS 

7bM 3 <Z>l»m*> 1 3i(ClEi£©-te 55'"^ * 

o«r>rn*> i ween©** s » ■< 

C i *W« £T -SIM 0 * 1 7iM 5 (0t »m*> 1 *«*E« 



0 1-16 2 12 1 



[0 00 1 'j 



[0 00 2] „ 

- h .) ifi, tnitr UJUF-PHF* tt*1Si<Dtf&* 
gMa#**©i»&^£&* T *^*^ D * c 

To 00 3 ] C0<fc5tt*tit©*>£. 



[0 004] JV* 

•Too 0 5] l*u *airafui**ss{*«©"-* 

*fflK-*-fMtl/T 1 o©^#t-fe7 S ? *7 -f 

[0006] ±®<Dm£t*%m3k?z>-®n ti ~ f5m * 1!B 

«SEXSO« 7 ■< **©*-S®' sl± *' b ^ 5 ' ^ Sv/ 
[0007]tLt. jm»6»©W« 

[0 00 8] 

[0 00 9] 7^;^«^©-fe^**^* fc 

v mm fc«»-cji«» * y - v > ^rt k«s i/ 

i3WBW«&htt^. C©fc*. -e-©|i£fc1*:frO-c8fm*' 

y - * -r < & 9 . grm*'^©^!^^* 5 ® 1 '^ 

[0010] ##9Jtt±E©»BK«*"Cfc 3hfcfc<0 




(3) 



[0011] 

[isi§*ft?&-r*fc«>©#a] ±iaoi»«*w*^* te 

f|j/-Attll*^b'CWr*CtKJ:»}. 

[0012] IWW2 JCEWDWK*. 1 "*-* 5Cl 

r WROflBKtlW©»S« 0 - Imm-lOmm-Cft 

SHH*. tt*¥»R = 0 ■ 1 mm- 1 0 m m©ttlH## 
tCfto""Cl»££ 

"[0013] n*a 4 KtBtt©*9J». w** 1 B ^ 3 

© t »rft* i fli«c4n,»"r. HE5/ T ji**»»meBiei« 

v«»«<fc •)*»»< <c * J: * <cff5fi£ 3 ft "C^ * i s8 
4tl|5tce»D9Hi». WOTIl7b£4©^ft*lJI 20 

£fflt,>-Cffjfi£3 ftfu S £ Ofc. 
[0014] I*** 6 (CEttOftBtt. »** 1 7*~5 
eDtvrft*I*K*l,»"C. <**tt, 

[ o o i 5 ] ht. r ff«J «:oc*-c«wr 

•COD^ifJb^fti.C.btCj:*). *^tt<D*MH#7 5 

■KW#t*K<<6i. C<DHfiiWM»* 
9 - v * Hfr&ft*©^ 5 » fSB*** 

&S7^Jl'*iO«li4RWH«ltt«c«ft' cc »*' 
[0016] «#?I2 KBttO«*K J:* t • 
WijjJffllitctt 6ftt»«H-c. 'J - * *W* K|S 

o»rti(c**iafii«B±Ka»*c t * , ' c *' r ' **** 

iL"C*C(C|«IB*««l»)^r<tt*-. 3!tC. EflflKlfi* 

Jg£&£{*#*»tb/c9T£fc^ft* 5 *>*> 40 
[0017] it** 3 KEtt©»W«t J: * 4 • EJiSWtB 

o*4i>fcittj<Di»«*'* , wn*ft*' 860 B*©- 



00 1 - 1 62.1 2 1 



3ft©t8f£#»ftfcft* fc ^ n * ss> *' ^ 
[0018] »*5I4CClBtt<D*WtJ:*i". i/->W 

mtwamm «fc o ft * * ? « c *« ^* cto < c 4 
icfc '5 «adW3Rv»e»tt©firF*«*«5«:ttit3 ft 

*ttt*«»r SiflW* 5 ft «■ 1 ©^ - s-£-tt©iS3£* s ^ c 

[0019] 1**31 6 tClEiSc<D^BJ'.C «fc & £ . & & 
J: 9 «ffl"»K7^A*tcrft* s &CK< <ft5/cto- 

,i>S5£- t ©nB-c«*ft**? « CC < < ft 4 . 
[0 02 0] 

Hi ~s 5 K«"5*»tffl«:lttW-r 4. 
[002 1 1 11 KS%Sft*J:^«. COSW^iWt 
$|g 1 B. ftlSftlH t L-CCDt* -f — tf**>y>2*»& 

»msft5W»^*'^r*fc«)©aa"c*s. -r< 
(D»eas43&s*ft*ftastt*ft" ct1 *- ** W * B1 

*©r7i*-JUF*#5tC*ft*ft«*Sft-CW»*.-« 

. s^gj^e^msftfcS^^^B-®^^*^ . 

* 0 0 2 2 ] Y 3 ©T»1CC«, ^Rtt 

«*» 6ft 6 RCf*2»»* 7 *JE»S fttC 

aii3ft-ci»s. jmswi«6i»2«««7i««« : 

» ID C < ^RM*** 1 6 ft ^ - y 8 * SSEgS 
T*«*tci*»* ? ft- ^'^>^ 8 ©T«««t*» 2 gf 

«*7©±auwiKawiSftTi.»ft. sf^ee. 7©^ 

±T T -! ^> y 8 «SE» 3 ft-C >. 4 ^S" 3 " * c t *> * 

soi 2 sm« 7 ©rt«m«*«E^»«:aa u - -s-©** 

[D0Z3)BlKS8h5J:^. »*8«* 

©cfijfcw^gijRwe . 7 * o fc^at 

6,7 ©WiBIWWCtb^K < ft oTl > * . C © er - : 's 
> y 8 rttcw. ^^v9V4 >v*M&W 9 *»««S ft 

To 0 2 4 ] jR^fl:9©^HlBi^-»y8©rtHffii 



(4) 




$,0. ■*©J?3»&mm~tH-mm-C&£>. K^ 1 -** 1 0 

' *• *, ■ 

[002 5] *HB»»»C*st»'Cfflt»€>*i*-fc-7 5?^ 
7 * 9 « . ±E©CT t < ^ -f — * * 

,<?-4**\s- yy <>\>* (dpf) toftfns. a 

• 2. H3K7j*SftSJ:5K:. *fE«J&«©*^f* 9 *** 

3 3mmxl6 7mm-CS>«». Qfttt«©7^^*Fi 
©fflBfCtt. EWittrfcUflM©? **F 1 

©■fe ^ 5 v ?7 -f *.**&*9 (iT<2 1 3 5 mmliS) 

[0 0 2 6] Chf.©7 * ;U£Flii. ^v^??%&£ 

A ^ ^ h^©gt3S(*=S:3MiR-f * C t *>T£ 4. 
[0 0 2 7 ]H3^C7*S*i*<fc i ^ C*l<E>©7-f* 

7 * F 1 KB, »rffi»SiE^«*ar«»©Siia 

■Ct»4. *AS1 3©^«®{C«> S^tcS («*.« 40 
•Ptf) ^©^©^JSTcfSRtf ^©I^bl^* 1 ^ * * 

K<b«!«s* s t^s^"c<' j *- sikkii 2©ranww. 

lvi*n*»-#©*MD 9 a . 9 b ©flWCCfcl^Tttltf* 1 4 

tt*Bl/"C«r»*. *©tt*. 7 -f^FlKtt, IftffiEH 

«0. 3mm«r«tc»eSft. 8 mm 

HSUcBBEStiri**. M**4-fe*©5*. ft¥&© so 



'2 00 1 - 1 62 1 2 1 



fc©«±*BBBiB9a{c4at»TB8PL. **9©4>©S*T 

[ 0 0 2 8 ] 7 -* JU* F 1 ©¥*JftfL*ll* 1 um~5 0 
urn. <im~2 0 *un"C*SCiA*?*l/ 

l». ^SuLS^l wm*it45t. ©^©iifStC 
J:47^JUd»F lOBtt* 0*«*l/<Sc5. W 

c i*5-c# < ttZlcib, jfS^fiTLt u £ ^ = 
[0 02 9] 7<*jiFlOlHl*B3 0XM0H. 
5<=>iC«4 0%~6 0°/.T$.5C£*s|if$U>. «?L^ 
AS 3 0 ® -5 4 . "7 -f JU £ F 1 *«««:<t-«3 T S 

[0 0 3 0 ] M2, H3iC^Sn^»J:^f-. 1 6® 

ii 5=&^brst^c^$n-cc»-&. ccr. 

[0 03 1 ] tMES"- >H*JB 1 5 VS.. 'Ptt < <k 
[003 2] H?ia->-^t*4C$*ii -Ste^fefti b-r 

[0033] c©«^. ^-iH*(c*5WS^y*-r;u 
;tt7;-^7T-f'<©MiB. mfcft-ciomm. 

%~7 0SS%. WKB10IIH-401IX.- 
J; 0»S t< « 2 0 3 0 St°/ot4 4. 

m i onm%*:m-c$>z t . sititti u-c©»»*hst 

[0 03 4 ] S^ya-Trt'5:M25 5 y ^7 r -("^CCte 

< « i 5 mm%. i^KBi 3 




(5) 



[0035] is U * - TJl' 5 i-k v 5 ? £ 7 t A ■"'©*& 
ft&B. 1 mm-1 0 0mm. S?SO<B 1 mm~5 0 
mm, iOfff l<ttlmra~2 0mintS.?). 
*5lmm*jS-CS>-5i. ^* 5 ^ 

i!£#^©<J: 5 tcft TM^&^^ft&aM^ S 
[003 6 ] WKJ/-JM*«:***l4MI«'' w L : 

it i a«±©=>n $oi>vonpas ^-©#a>t 
t. <#Ks/y*v™,*aBR-rsc£#a*iA». 

iO, tUZtcti), WMWCOiWi 0"C»«£* 
• etc,?,. 

[0 03 7] C©J££. S/;-J!*ftC*lW*fy#*/JW© 
#WSB. WAftt 1 SS%- 3 0SS%. b < B 

g%-C«>S. Sffl#.lli«S«t*54. 

fix-5>i. ^^©ififF*:^* 5 
[0 03 8 ] i5fE'>-^»K#S*lSW8l''W>yt O 

A,, y^;l/-fejva-x. x. ?)Hz>l>o 

h * * p - * j5p & 5 iJ>tt < £ <» 1 «W±©* 

[0 03 9] C ©*©£•. i/-;H5t(Cfclt€>*Jl"J f ^^> 
^Hr;l>P-*©^lfiB. S^rO. 1SS%- 
5. OfiS%. #£1<<B0. 2*fi%~l- OSS 
%. .fcOSSLXBO. 4St%-0. 611°/.t'* 

^xmm^ a > ##m9zL . f-Mta i 5 ©sag* 1 ® 

[0040] fiJf£^-;WC^Stt£&&& : ?-<t l/'"C 

{taw. *&eiw*##*cc*# < . ws»*5T<f/< 



^^2 0 0 1 - 1 6 2 1 2 1 

8 

tt©isj± ccsf^-t s <ye s> s e 
[0041] ±ia^ft^:>'gft^©M&&^oto*>-c 

7^jwf i *iisia©4>©. m*»^?L®^ft^iS^^ 

[0 042] C©»£. &ffcJi*18;fc©£WSB. 
^•C31t%-8 011%. »*t,<»! 0tl»/.-6 
0ii%. «fc>3#3:L<B2 0M°/.-4 011 o /.t* 
2>. gW1^3tt%*iTS>5t. ;H*J3 15© 
Biei»*0(ST«r*B<*»e»"C*4. — £***»8 0 
tr/c«:i@x.5 i . tf S}g#^fS©eT«rf2 

[ 0 0 4 3 ] ^tS*JB*©ttS». 0. Olym-1 
00 nm, '»*l/<tt0. l ym~1.5iim. «fc9Sf* 
L < W0 . UiD-lOti 1 O 0 Mm 

20 •£>. — 1S. £>3* 5 0. 0 1 (im*i-CS5i, ->-;Htf 
©nX HS5tc-^nc*5^*iP,-e*-&. 
[0 04 4 ] E!2^IC7^$n-5.«f:^CC. *^6o«JS§©-fe 
,= v py ^jU^^i*9©Ji-^®9 cCCB. 
^«*>P>t-SIHICi»?^)ll 6A^E£?n-Cl,>-& 0 C©Gfl 
CiW^H 1 6 ». ^<i^7 5-; d7**«RCX^ > 

snfc4>©"c**ct*a*oi». Hfliwiiwi i 

6B->-M^H 1 5 i|Biaoti»4^>"C«BSS^4C 

[004 5] HCiftSi'BH 1 6©)?SB0. lmm~10 
mmTJ)5CiW< . S6CCB0. 3mi-2imt 
40 $>2>C£.ft£< . iJftCBO . 5 mm- 1 mmtiSC i 

;W^^<*9©^ilffl9 cCCS>-5>Dflifil 7 

wammm 1 6?rJ?< 

[0 04 6] &*s. ->-^B l 5 BBPdflSiSB 1 6 J: 
»3 < to -2) <fe "> Kfcf&Z txZCt im* Is < . =PM*tt 
CCB0. 3mm-3mm©Wt'eOJ:^K:MS*l 
50 *c i#3* L/t». v-jWI 1 5 *Ga£bWi»JB 1 6 «fc 



(6) 



0 1-162 12 1 



10 



[oo4 7 1 tew. mcmnmi eo* <**£• 
eusamm i e » ^x^^si 

I o 0 5 0 ] fete- 1 8 Kte » **^?SwS 

loots r^. 

t site *<D>t*HD»K»iS«-^ 
In 0 5 4 ] *»X. iSK " WM*"*^? 

^r©4><D#EaB*£tfc'C«>2>. 
[0 0 5 5l^.^» 6tl,nMOyffi 



[00561 »«c. *wcrtsct ^ < * > f i ©*■■ 

[0 05 81 «<EDdMHIIIH5«KDStri*. 
SSifctK ******* <D**** C 

I OD* 

%H*v97< ****** K J:*«t» h * » 
[0 06 0] ^-a/vysrtKttSS^** 5 '*' 

555. «r. j««9.ic«^**j2 

^Sn^u-c, , ** f i 




(7) 



'01-162121 



12 



11 



1*T»MM9 b»6«BS*i*. 
[0061] 

Too 6 2] (2)*«. C<D£fiHW*^*«** 
*U. WOWMIt/B^-CWjIJB^- ******* 
-C2 2 0 0 'C-Cift3H#fa^b/c. ^fLW-C 

[0063] 0« S ' i " T f^J l l 
Lo. l M M0 0 mm )2 3.3tl»/.^ 

S,-'**M 1 5 ©ff^tXCDdWiSIt 1 6 ©«rtow* 

o-cxmwoifciwc-cwi-wt***. 

To 06 5V (5) *K. 

^-XhtiHCWS^' 5 0 C-10 0 

[ 0 0 6 6 1 *L-C C©m> DDdhfWJi 1 6 ©4395*: ^ 

i^iuUCi. »jni9 cOOOOl 7WSMJ* 



tt n i & totw^^* 1 " 1 ^*- lif 
^si. eaajHM 1 e s»et * * * **fcW8*BS>* 

To 0 6 7] *Ct. KftttlOttlHStfeW* 
lmm -l00mm) 2 511%. ¥«M1. « 

cifljwwsoiw. ™*^*J:^L 

= ^- >;*(t* 5 i- V *©«**«» 2 o « ) < H% . 

<**»**8*fl*l^ OOfllB^IBl 6©)5S«* 
0. emmKlWEU ffiHSl 8©tt*W*»*> lm 

"too 68 ]"* L-C. SBttW 1 tPW»©«K«K*«-» 
f - <b C 5 fl-MB 9 c ©uaa 1 7 ttomawifin 1 6 cc <fc 

tv<a,9F\ beam****- watmnm i b tv-* 

«M. GDCPWd 1 6 BfttCfc * ^ » f^W»«*^ 
roo69] *fc. jtettQOflWWc*^*©*" 

2 4>**6P« 1 &PMMC. *«* *«WU: < 4 

Imm-lOOmm) 2 3fiS%. Wttftl um<0* 
{kfl fft*3 5tlX. mWU> * tL lZZ ,V ll 
;q>^ittCDx^JH:JVD-X0. 5fifi%R^7 
t ^35. 5fiS%=e^-^L?cfe©^. B51£* 

jdfc«lKl»r4J:*«CL-C. «t»»7^*»# 



(8) 



0 0 1-16 2 12 1 



13 



14 



10 



[0 0 7 0 l *t/c, »«« 1 i^O^BSS^^T-, 
fci C 5 *HD® 9 c <DBDCj 1 7 li(HCiSS?BB 1 6 tc <k 

o-cas^^e-n-c^fc. gdc^h i 6 

£7 4*,* F 1 <b©«^gi5». GaC«tNH 1 B if-* 
tflf 15±0$|^#©^n^<.>r*>. 

Too 7 n **(*9<OflSffl"*«:*5C»-C*©^« 

^^tUH!:- as*" so*** 
SR*«0. 2mmSC«SEU.fc. th£WCWCr5l. 
-■CI**** IK*!*** SKI'*- 

[0 0 7 2] mUtm 5 -Ott. DflO^IB 1 6 ©*3 * 7 

"o 07 3 1 Ctl6KWCjW*l il3*©WKH« 
41 f -o t C 5 . f^vfW tetSfe 6 *i *» fc . 

fc<hc3 ««B9c(CBIBICil7««o'CC»fc. *x 

[0 0 7 5 3 *ae^*^*W* c J:ti«fcrF 
( 1 ) «S«WCtt. DflOP?iJl 1 6 (C<fc oTOflfl 1 7 

«®*jgn9 cK»nB*»-c#K< <. ww*^^ 



20 



S ^S6 30 



[ o o 7 6 1 zvwammm 1 6!*-fe7 5 ? 

£,ft?VSSJt 1 6 ■W«J:Wi* , *<-* fa 

[0 0 7 7 3 < 2 ) SMSePUr GfldbWiSB 1 6 Oil 
££0. lnm-l Ommil^!ltIEl«K»Stt 

[0 0 7 8 1 ( 3 ) «#atwra. oao*»fi« 1 e tc* 

W4ftiB8B18©i6**SR«:. 0. 1mm- 10 mm 
-_ h 1^?jKCj;^r^#fl£0*:<!:0r*>. 

-Ct DflQWaSIl 1 6 CcfcW S?7v 
IB±T*C ifc*. CO/c*. 

[0 07 9] ( 4 ) 1 5 

dbffi^n 1 6 i s 3 4> «< * * <fc 9 It^fcft- 

loo 8 0 ] ( 5 ) SSOSWC«. 1 5 tP) 

* BOHKM 1 6 t ^-*«« 1 5 i©^£§fl<*ifc# 
< >S «) . W« 1 5 . 16 0»1I?3P^- 

[ 0 0 8 1 ] f-AttUMW 5 "^ h 

[00 8 2] ( 6 ) §WifeP«-Ctt. 1 SRCJf 

DflOJSmS 1 6 *#fiST*fc*>©ttt*± L-C-. -X©J: 9 

W A > yRtwrw^ ^ > or st^tcJS^ or tt 
i>5ittM^W=&ffl^rc^. ^ IJtAtt 
[ 0 0 8 3 ] C CD «fc *> JSrtmtClTFEOJ: 9 J.^* 5 * 

r ' c ©»W»J»e*ttK:«n 4 fc* . 9 CD 



40 



(9) 



001-162121 



15 



16 



[0 0 8 4 3 ua. ^mvmmfewxrvi. *> ^ 

• y a i\> * F 1 

[0085] • HeKTSStiasMKo-fe^s?*?* 

;V*JJl£<*2 1 ©.t^K. 7 <***Mt#A«ci»£"*"* 

sistc?-* ^#f i icrn*s*Dtc< <uz>ictb. mis 

{$2 lcD8SSS££*sft±-f WESEiK&*±»*fc 
tf C©C<t*58$i3!^©ra±KiF#OTt,>Sfc©£ 

tt*|<il±T4tt*. *#(*2 1 

<DlircfflflE**«-C#CC<<tt*. «tot. *£*2 1# 
©&*£S»)#£CtC< <ft*. 

[0 0 8 6] - paflsesii l 6 «->-^«n 1 5 <hP 

• ogaWtiW 1 6 It^-MiM 1 5 itt 

[0 0 8 7 ] • Ga£bS?iH 1 6©^e^^i^"C- * 
fe^Sm^^&^fJBU-CI,^. cO^KRSStl 30 
SCi«tt<. W*.6«PB®. ^ 

[0088]- V 4>\>ZF1 liSBE^S^SSK-CTT O 
[008 9]- ^jUSRWM*'^" 

RBipw«Kiiiii-r*o»*6-f. «*tfKni»p«M* 

[00 9 0 ] • ftSSPl 8*JKfiRT*^i^"C»» 



[0 0 9 1] • #K*'©i«*»«t»*»tf. »»iB«"C 
fw-H2^x>y>2v£&9tttt6ft-2>gf^ 

[0 0 92] -XiC. 1$ftS9*©«SH'^iBttS<i^Rfl5W 
Vo 0 9 3 ] (2) tt*«i7)S 6 1© 
[0094] ( 3 ) ft**! 1 7126 . affiHSBffl 1 . 

ttmmmm. *m>u>tt. mm'U>?Rvmmn 

[0 09 5 ] (4) «#» I 7bS6 . SfSWBJSl . 

77 ^'. isfi%-3 oss o /o©^';^-/^- o. i 
3 ss%~ 8 o mm%<Dmi\MmB^h a ^ c i . 

[0 09 6] ( 5 ) ■ ««0»afO«±KK» ^» 

«»©7 < )^?<D^mwm±^^ ^ 9 ^sv- 

-€-©;§|-£ 13® 1 016 ^ - '> > y ©rt i # <f ^ 
U->-c c©!ttB»Kft5ICl3«OlWJCJ:titf. * 



17 



[0097] 

[009 8] USDS 2 KEttDJHBteJfchtt. 

B5±-3T*C t3»"C*4. 
[0 0 9 9 ] «3»B4«:EttO*WiCj:n«. 

towi»tctt«ii# , j--^«»ji:. n&itomm. 
remits i^ttos^^ Kboi»±*jiidfr*c &#*c 

[0100] l»3R316«clB«©*9H«cj:*itt, 



(10) ^2 0 0 1 - 1 62 1 2 1 

18 

* |J^O*lJh»t««t«4Ct#t* * c 

[0 1 ] *^t*f*ffcLfc-*IW«fl««l3tf^»ft 

a. 

[0 3] frsesf^^iwtigECDS8B4ycWi®ia. 

10 [15] (a) , (b), (c) 5 vt? 4)l>*m 

9. 2 1- Hr7^^^^^il#(*, 9c""b7 5? 



[Ml 




[04] 




(ia) 



0 1-16 2 12 1 



[B21 



[06] 




CB31' 





F #-A(#^) 3G090 AA03 BA01 

4D058 JA32 JA38 DB06 KA03 KA11 
KA12 KA13 KA23 KA25 KA27 
SA08 TA06 



(19) 




Europflisches Patentamt 
European Patent Office 
Office europeen des brevets 



1 



(11) 



EP1 142 619 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

10.10.2001 Bulletin 2001/41 

(21) Application number 00962846.2 

(22) Date of filing: 26.09.2000 



(51) imClJ: B01D 39/20 

(86) International application number: 
PCT/JPOO/06599 _ 

(87) International publication number: 

WO 01/23069 (05.04-2001 Gazette 2001/14) 



(84) Designated Contracting States: 

AT BE CH CY DEDKES Fl FR GB QR IE ITU LU 
MCNLPTSE 

(30) Priority: 29.09.1999 JP 27743299 
29.09.1999 JP 27712399 
29.09.1999 JP 27711999 
29.09.1999 JP 27712299 
30.09.1999 JP 27986699 
30.09.1999 JP 27840599 

(71) Applicant: IBIDEN CO., LTD. 

Ogaki-shi Grf u-ken 503-8604 (JP) 



(72) Inventors: 

• OHNO, Kazushige, Ibiden Co., Ltd 
Ibl-gun, Gifu 501-0695 (JP) 

• SHIMATO, Kofl, IbWen Co., Ltd 
Ibi-gun, Gifu 501-0695 (JP) 

• TSUJI, Masahiro, Ibiden Co M Ltd 
Ibhgun, Gifu 501-0695 (JP) ' 

(74) Representative: Ablett, Graham Keith et al 
Abtett & Stebbing, 
Caparo House, 
101-103 Baker Street 
London W1M1FD (GB) 



(54) 



HONEYCOMB FILTER AND CERAMIC FILTER ASSEMBLY 



(57) A ceramic filter assembly having improved ex- 
haust gas processing efficiency. The ceramic filter as- 
sembly (9) is produced by adhering with a ceramic seal 



layer (1 5) outer surfaces of a plurality of fitters (F1 ), each 
of which is formed from a sintered porous ceramic body. 
The seal layer (15) has a thickness of 0.3mm to 3mm 
and a thermal conductance of 0.1 W/mK to 1 0W/mk. 
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Description 
TECHNICAL FIELD 

5 [0001 J The present invention relates to a honeycomb fitter end a ceramic filler assembly, and more particularly, to a 
honeycomb fitter formed from a sintered ceramic body and an integraJ ceramic filter assembly produced by adhering 
a plurality of honeycomb fitters to one another. — 

BACKGROUND ART 

10 

[0002] The number of automobiles has increased drastically this century. As a result, the amount of gas discharged 
from automobile engines has continued to increase proportionally. Various substances suspended in the exhaust gas 
that is emitted, especially from diesel engines, cause pollution and severely affect the environment Further, recently 
reported research results have shown that trie fine particles suspended in gas emissions (diesel particulates) may 
is cause allergies or decrease sperm counts. Thus, actions to eliminate the fine particles suspended In gas emissions 
must immediately be taken for the sake of mankind. 

[0003] Due to this situation, many exhaust gas purification apparatuses have been proposed In the prior an. A typical 
exhaust gas purification apparatus includes a casing, which is. located in an exhaust pipe connected to an exhaust 
manifold of an engine, and a filter, which is arranged in the casing and has fine pores. In addition to a metal or an alloy, 
zo the filter may be formed from ceramic. A cordiertte honeycomb fitter is a known example of a ceramic fitter. Recent 
filters are often formed from sintered porous silicon carbide body that is advantageous from the viewpoints of heat 
resistance and mechanical strength, has a high accumulating efficiency, is chemically stable, and has a small pressure 
loss. 

[0004] The pressure loss refers to the difference between the pressure value taken upstream of the fitter and the 
25 pressure value taken downstream of the filter. A main cause of power loss is the resistance the exhaust gas encounters 
when passing througn a filter 

[0005] The honeycomb filter includes a plurality of cells extending along the axial direction of the honeycomb filter. 
When the exhaust gas passes through the filter, the walls of the cells trap fine particles. This removes fine particles 
from the exhaust gas. 

30 [0006] However, the honeycomb filter, which is made of a sintered porous silicon carbide body, is vulnerable to 
thermal mpacts. Thus, larger filters are liable to crack. Accordingly, a technique for manufacturing a large ceramic filter 
assembly by integrating a plurality of small filters has recently been proposed to prevent breakage resulting from cracks. 
[0007] Atypical method for manufacturing a ceramic filter assembly will now be discussed. First, ceramic raw material 
is continuously extruded from a mold of an extruder to form an elongated square honeycomb molded product. After 

35 the honeycomb fitter is cut into pieces of equal length, the cut pieces are sintered to form a filter. Subsequent to the 
sintering process, a plurality of the filters are bundled and integrated by adhenng the outer surfaces of the filters to 
each other with a ceramic seal layer having a thickness of 4 to 5mm. This completes the desired ceramic fitter assembly. 
[0008] A matHlke thermal insulative material, made of ceramic fiber or the like, is wrapped about the outer surface 
of the ceramic filter assembly. In this state, the assembly is arranged In a casing, which is located in an exhaust pipe. 

40 [0009] However, in the prior art, there is a shortcoming Hi that the fine particles trapped in the ceramic filter assembly 
do not bum completely and some of the fine particles remain unbumed. Accordingly, the efficiency tor processing the 
exhaust gas is low. 

[0010] Further, the honeycomb filter of the prior an has comers. Thus, there is a tendency of stress concentrating 
on the comers of the outer surface and chipping the comers. Further, the seal layer may crack and break the ceramic 
filter assembly from the comers thereby damaging the entire ceramic filter assembly. Even If the assembly' does not 
break, there is a shortcoming in that leakage of the exhaust gas may decrease the processing efficiency. 
[001 1 ] During usage of the filter assembly, a high temperature difference between the honeycomb filters may cause 
thermal stress to crack the honeycomb filters and break the entire assembry. Thus, the strength of each honeycomb 
filter must be increased to increase the strength of the honeycomb filter assembry. 

so [0012] The prior an ceramic fitter assembly as a whole has a rectangular cross-section. Thus, the periphery of the 
assembly is cut so that the assembry as a whole has a generally round or oval cross-section. 
[0013] However, the filter has a plurality of cells. Thus, If the periphery of the assembry is cut, the cell walls are 
exposed from the peripheral surface subsequent to the cutting. This forms lands and pits on the peripheral surface. 
Thus, even If the assembly Is accommodated in the casing with the thermal Insulative material attached to the Deripheral 

55 surface of the assembly, gaps are formed in the longitudinal direction of the filters. Thus, exhaust gas tends to leak 
through the gaps. This lowers the processing efficiency of the exhaust gas. 

[0014] With regard to diesel particulates trapped in the honeycomb filter, it has been confirmed that particulates 
having a small diameter have a high lung attaching rate and increase the risk to health. Thus, there is great need to 
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S rS l the pore diameter and the porostty ot the honeycomb filter are small, the honeycomb fitter 
Ses too Sense and hinders smooth passage ot the exhaust gas. whteh, In turn, increases MpiiM This 
lowers the driving performance of the vehde, lowers fuel efficiency, and detenorates the dnvmg performance. 
5 WW On me omer hand, if the pore diameter and porosity rate are increased, the above problems are solveo. 
'however the number of openings ih the honeycomb filter becomes too large. Thus, fine parades cannot be trapped. 
Th£Seas« " h e trapping efficiency. Further, tne mechanica. strength of the honeycomb fitter becomes low 

mo 2 I to I muni objeci of the present Invention to provide a ceramic filter assembly having superior strength. 
,o [uull! IlLmtrfobjectofthep^ 

So^ P ut'aCuT object of the present invention to provide a honeycomb filter having small pressure loss and 
superior mechanical strength. 

J5 SUMMARY OF THE INVENTION 

f0021 1 A first perspective of the present invention is an integral ceramic fitter assembfy produced by adhering with 

« 1 N5 Kr outer surface's of a plurality of filters, each of ^Js for^di™, 
bodv The seal laver nas a thickness of 0.3mm to 3mm and a thermal conductance of O.IW/mK to 10W/mk. 
20 m T\ slnd pe^e^ve of the present invention is an Integral ceramic filter assembly procuced by adhenng 
KdS KIKsurfacesol a pluraltty of elongated poiygonalhoneyc^mbfitte^. each of whK:h B forced 
"ra^Cus ceramic body. Round surfaces are defined on Chamfered come, of the outer surface of each 

25 Smic seafte«er surfaces of a plurality of filters, each of which is formed from a sintered porous ceramic 
bo^Te SL!K£SSK LJ. a cSamic smoothing iayer applied to the outer surface o, the assembfy. 
«rhirh as a whole has a aenerally circular cross-section or generally oval cross-section. 

moSl M?unh per^p e SveofL present invention is an integra. ceramic fitter assembiy produced by adhenng w«h 
I Immic sealer outersurfaces of aplurality of elongated noneycombfillers, each of which .stormed troma smtered 

E awmfc sSS? outer surfaces of a plurality of honeycomb fitters, each of which has a pluralrty of cells defined 
by a eSS and 2 purifies fluid including particulates with the eel, wall. A specific surface area o, grams formmg 

" m ^sixth S£7h. present invention is an elongated honeycomb filter formed from a sintered porous 
SSL booy A SSfSSSl a fitter tength L in a flow d,rection of a processed fiuid and a fitter cross-secon S 
in a riirortinn r*»mendicular to the flow direction is O.oemnVmm 2 to 0.75mnVmm . 

00^ rlfSSKSSS^tS present invention is a honeycomb filter formed from a sintered porous ceramic 
« E*An average pS HSLer of the honeycomb fitter is 5 to 1* m, an average porosity . 30 tc 50%, and the 

S3T2 SJS^^SS 1 !^ to . honeycomb fitter having a p.uraitty of cells defined by a 
S5l Si puriSyin'g fluid including palates wtth the eel, wall. A specif* surface area of grams forming the cel. 
wallisO.lrrfrgormore. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

Fig. 1 is a schematic view showing an exhaust gas purification apparatus according to a first embedment ot the 
present invention. 

Fig. 2 is a perspective view showing aceramic filter assembly of the exhaust gas purification apparatus of Fig. 1. 
55 Fig. 3 is a perspective view showing a honeycomb fitter of the ceramic filter assembly of Fig. 2. 

Fig. 4 is an enlarged cross-sectiona. view showing the main portion ot the exhaust gas purification apparatus ot 
Fig. 1. 
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Fig. 5 is an enlarged cross-sectional view showing the main portion of the ceramic filter assembly of Fig. 2. 

Fig. 6 is an enlarged cross-sectional view showing the main portion of a ceramic fitter assembly of a first modified 
example. 

5 

Fig. 7 is a perspective view showing a honeycomb fitter acconfingto a second embodiment of the present Invention. 

Fig. 8 is an enlarged cross-sectional view showing the main portion of a ceramic filter assembly. 

10 Fig. 9 is an enlarged cross-sectional view showing the main portion cf a ceramic filter assembly according to a 

first modified example. 

Fig. 10 is a perspective view showing the honeycomb filter according to the first modified example. 
is Fig. 11 is a perspective view showing a honeycomb filler according to a second modified example. 

Fig. 12 is a perspective view showing a honeycomb filler according to a third modified example. 
Fig. 1 3 is a side view showing a ceramic filter assembly according to a third embodiment of the present invention. 

20 

Figs. 14(a) to 14(c) are schematic perspective views Illustrating a manufacturing process of the ceramic filter 
assembly of Fig. 13. 

Fig. 15 is a side view showing a ceramic filter assembly according to a modified example. 

25 

Fig. 1 6 is a perspective view of a ceramic filter assembly according to a fourth embodiment of the present Invention . 

Fig. 1 7 is a perspective view showing a filter of the ceramic fitter assembly 3 of Fig. 1 6. 

30 Fig. 1 8(a) is a schematic cross-sectional view showing the filter of Rg. 17, and Fig. 1 8(b) is a schematic side view 
showing the filter of Rg. 17. 

Fig. 1 9 is a perspective view showing a honeycomb filter proviced with a honeycomb structure according to fifth 
and sixth embodiments of the present invention. 

35 

Fig. 20 is a cross-sectional view showing the filter 59 of Fig.. 19 taken along line 20-20. 
Fig. 21 is an enlarged cross-sectional view showing the main portion of an exhaust gas purification apparatus. 
*o Fig. 22 is a perspective view showing a ceramic filter assembly. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] A diesel engine exhaust gas purification apparatus 1 according to a first embodiment of the present invention 

4* will now be described with reference to Figs. 1 to 5. 

[0031] Referring to Fig. 1, the exhaust gas purification apparatus 1 is an apparatus tor purifying the exhaust gas 
emitted from a diesel engine 2, which serves an internal combustion engine. The diesel engine 2 has a plurality of 
cylinders (not shown). Each cylinder is connected to a branch 4 of an exhaust manifold 3, which is made of a metal 
material. Each branch 4 is connected tc a single manifold body 5. Accordingly, the exhaust gas emitted from each 

50 cylinder is concentrated at one location. 

[0032] A first exhaust pipe 6 and a second exhaust pipe 7, which are made of a metal material, are arranged down-' 
stream to the exhaust manifold 3. The upstream end of the first exhaust pipe 6 is connected to the manifold body 5. A 
tubular casing 8 made of a metal material is arranged between the first exhaust pipe 6 and the second exhaust pipe 
7. The upstream end ot the casing 8 is connected to the downstream end of the first exhaust pipe 6, and the downstream 

55 end of tne casing 8 is connected to the upstream end of the second exhaust pipe 7. With this structure, it may be 
considered that the casing B is arranged in the exhaust pipes 6. 7. The first exhaust pipe 6. the casing 8, and the 
second exhaust pipe 7 are communicated with each other so that exhaust gas flows therethrough. 
[0033] As shown in Fig. 1 , the middle portion of the casing 8 has a diameter larger than that of the exhaust pipes 6, 
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7. Accordingly, the interior ol the casing 8 is larger than mat ot the exhaust pipes 6. 7. A ceramic filter assembly 9 is 

S^»^uTtrv n e 9 material 10 is arranged between the outer surface of the assemb*^^ 
of the casino 8 The thermal insulative material 1 0 is a martin material including ceramte fibers and has a thickness 
5 of several millimeters to several tens of millimeters. It is preferred that the heat insulative material 10 be thermally 
expanse. TnermaHy expansive refers to the release of thermalstress through an elastic structure. This «u m.mmze 
Z w loss dunng reprouucion by preventing heat from being released from the outermost portion of trie assembly 
rXeTthe expantan of ceramic fibers using trie heat produced during reproduction prevents ^placement of trie 
^flierassernWyS.whlcri would resultfrom triepressureoftheexriaustgasorvibrationspmducedbytriemovng 

'° rorasT The ceramic filter assembly 9 eliminates diesel particulates and It thus normal* referred te as a diesel par- 
£ « shown in Fig 2 and Fig. 4, the assembly 9 is formed by bundling and integrating aplurality o 
SS2 square filters F1 are arranged at trie central portion of the assembly 9. and tte outer dimension* 
h ^Lnoated squa^fitter F1 is 33mmx33mmxl67mm (refer to Fig. 3). Fitters F1 that have forms diffenng trorn the 

,5 SrSSTuS ^ere F1 are arranged about trie elongated square fitters F1 . This forms trie ceramc titter body 9. 
which as a whole is cylindrical (diameter being about 135mm). 

mS] Tri^e fittlrs F1 are mace of a sintered porous silicon carbide, which is one type of sintered ceranuc. The 
reason fo employing sintered porous silicon carbide is because It is advantageous especially ,n that a has superior 
he^LTce and heat conductance. In addition to sintered porous silicon carbide, the sintered matenal may be 
20- silicon nitride slaJon, alumina, cordierttei or mullite. - 
S TshownSfig.Sandtheomerdrewing^^ 

SeWneycomb structure is in that the pressure loss is smaO when the trapped amount of fine parities increases. Each 
Jte?H hasTpluraaty ot through holes 12. which have generally square cross-sections and are arrange* I regularty 
^•ndn !n the Sai direction The through holes 12 am partitioned from each other by thin cell walls 13. The outer 

ImeL and "ire SSTS opTng onSchthrough hole 12 on one of trie end surfaces 9a. 9b is sealed by a 
SZ^ll££« poZssUfcon carbide body). Accordingly, the end surfaces 9a, 9b have a chessboard ap- 
sealmg body U s "' * avl cross-sections. Trie cell density is about 200/inch. 

KE "oie^ 

haVie opened xo the upstream end surface 9a, and trie otriers are opened at the downstream end surface 9b. 
?«« The average porous diameter of the filter F1 is about 1 pm-SOum, and more particularly 5Mm-20pm. If the 
Se poTe dSter^ less than 1pm. the deposited fine panicles tend ,o jA""* 
diameter exceeds SOum. fine particles would not be trapped and would oecrease the trapping eff^ncy. 
S it is preteTCdihat trieporosity rate be 30% to 70%. and more particularly. 40% to 60%. If the porosity rate is 
oShan F1 becomes too line and may hinder the circuiauon of exhaust 9astherein.il the ^poro^y 

2 exceeds 70%, the amount of gaps in trie TO ersF1 b^mes too large. This may decrease trie strength of trie fitter, 
M and decrease the fine particle trapping efficiency. 

rWl Wnen selecbng.the sintered porous silicon carbide, it is preferred triatthe neat conductance of the fitter F1 

be 20W/mK to BOW/mK. and more particularly, 30W/mK to 70W/mK. 

?0041, Referring to Figs. 4 and 5. the outer surfaces of a total of 1 6 filters F are adhered to one another by means 
ot a ceramic seal layer 15. 

rnoAoi The ceramic seal layer 15 will now be described in detail. 
K I^pre^tS^ 

ZmL Thus theseal layer 15 continues to be a large resistance and hinders heat conduction between filters Ft . 
ZZo^T^xZZ^c, exceeds 1 0W/mK. properties such as adhesion and heat romance may 

be deqraded end cause manufacturing to be difficult. j*-*.,!,:.!-,-. 
[00«S Itisrequiredthatthethicknesstl oftheseallayer15be0.3mm-3mm. Further, it is preferred thai the thickness 

50 ^H"^thic.messti exceeds 3mm. the seal layer 15 continues to be a large seal layer 16«~.V the hea. 
Sctance ^iS^me heat conductance between tne latere F1 is hindered. In addition. £e ^oof^assemb^ 
9 orapied by the fittere F1 would relatively decrease and towerthe filtration capacity. On tneotherriand. «^th«lmess 
ti SZ SJmJL less than 0.3mm, the seal layer 15 would not become a large resistance. However, the force 

55 J^XfSZ F1 to eacri other may become too low and cause the assembly 9 to be vulnerable ,« ^akage^ 
mSSl The seaTteyer 15 is formed from at least an inorganic fiber, an inorganic binder, an organic binder, and nor- 
cSaric.es S It is preferred trial trie seal layer 15 be an elastic material formed by binding .organic fibers 
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[0045] At least one type of ceramic fiber selected from silica-alumina fiber, mullite ftoer. alumina fiber, and silica ftoer 
are selected as the inorganic fiber included in the sea) layer 15. Among these fibers, it is most preferred that silica- 
aiumina ceramic fiber be selected. Silica-aiumina ceramic fiber has superior elasticity and serves to absorb thermal 
stress. 

5 [0049] In this case, the content of the silica-alumina ceramic fiber in the seal layer 15 is 10wt%-70wt% : oreferably 
1 0wt%-40wt%, and more preferably 20wt%-30wt%. If the content is less than 1 0wt%, the thermal conductivity decreas- 
es and the elasticity decreases. If the content exceeds* 70%, the thermal conductivity and elasticity^ecrease. 
[0050] The shot content of the siltca-alumina ceramic ftoer is 1wt%-10wt%, preferably 1wt%-5wt%, and more pref- 
erably 1 wt%-3wt%. If the shot content Is less than 1 wt% , manuf actu re is difficult, and If the shot content is 50wt%. the 

io outer surface of the filter F1 may be damaged. 

[0051 ] The fiber length of silica-aiumina ceramic fiber is 1 mrn-1 0mm, preferably 1 mm-50mm, and more preferably 
1mm-20rnm. If the fiber length is 1mm or less, there is a disadvantage in that an elastic structure cannot be formed. 
If the ftoer length exceeds 100mm, there is a disadvantage in that the fiber may produce balls of fibers and decrease 
the dispersion of inorganic fine particles. Further, If the fiber length exceeds 100mm, It becomes difficult to make the 

1* seal layer thinner than 3mm and to improve the heat conductance between the filters F1 . 

[0052] It Is preferred that the inorganic binder included in the seal layer 15 be a cofloidal sol selected from at least 
one of silica sol and alumina sol. It is especially preferred that silica sol be selected. This is because silica sol is optimal 
for use as an adhesive agent under high temperatures since it is easily obtained easily sintered to SI0 2 . In addition, 
silica sol has a superior insulative characteristic. 

20 [0053] in this case, the content of silica sol in the seal layer 15 as a sofid Is 1wrJt-30wr%, preferably lw?fc-15wt% 
and more preferably 5wt%-9wt%. If the content is less than 1 wt%, the adhesive strength decreases. On the other hand, 
If the content exceeds 30wt%, the thermal conductivity decreases. 

[0054] It is preferred that the organic binder included in the seal layer 15 be a hydrophllic organic high polymer and 
also be preferred that the organic binder be a polysaccharide selected from at least one of poly vinyl alcohol, methyl 
25 cellulose, ethyl cellulose, and carboxymethyl cellulose, it is especially preferred that carboxymethy! cellulose be se- 
lected. This is because the seal layer 15 has optimal fluidity due to carboxymethyl cellulose and thus has superior 
adhesion under normal temperatures. 

[0055] In this case, the content of carboxymethyl cellulose as a solid is 0;lwt%-5.0wt%, preferably 0.2wt%-1 .Owt%, 
and more preferably 0.4wt%-0.6wt%. If the content is less than 0.1 wt%, sufficient inhibition of migration becomes 

30 difficult. Migration refers to a phenomenon in which the binder in the seal layer 15 moves as the solvent is removed 
as it dries when the seal layer 15 charged between the sealed bodies hardens. If the content exceeds 5.0wt%, high 
temperature bums and eliminates the organic binder and decreases the strength of the seal layer 1 5. 
[0056] It is preferred that the inorganic particles included in the seal layer 15 be an inorganic powder or an elastic 
material employing a whisker that is selected from at least one ol silicon carbide, silicon nitride, and boron nitride. Such 

35 carbide and nitrides have an extremely high thermal conouctivity and, when included in the surface of a ceramic ftoer 
or in the surface of inside a colloidal sol, contributes to increasing the thermal conductivity. 

[0057] Among the above carbide and nitrides, it is especially preferred that the silicon carbide powder be selected. 
This is because the thermal conductivity of silicon carbide is extremely high and easily adapts to ceramic fiber. In 
addition, in the first embodiment, the filter F1, which is the sealed body, is made of sintered porous silicon carbide. 

40 Thus, it is preferred that the same type of silicon carbide powder be selected. 

[0058] In this case, It is preferred thatthe content of the silicon carbide powder as a solid be 3wt%-80wt%, preferably 
1 0wt%-60wt%, and more particularly, 20wt%-40wt%. If the content Is 3wt% or less, the thermal conductivity of the seal 
layer 15 decreases and results in the seal layer 15 having a large heat resistance. If the content exceeds BOwt%, the 
adhesion. strength decreases when the temperature is high. 

45 [0059] The grain diameteris 0.01um-100ujn, preferably 0.1 um-ISuin, aridmore preferably 0.1p.m-10nm. If the grain 
diameter exceeds 100u.m, the adhesion and thermal conductivity decrease. If the grain diameter is less than O.OIjim. 
the cost of the seal material 15 Increases. 

[0060] The procedure for manufacturing the ceramic filter assembly 9 will now be discussed. 

[0061] First, a ceramic raw material slurry used during an extrusion process, a sealing paste used during an end 

so surface sealing process, and a seal layer formation paste used during a fitter adhesion process are prepared. 

[0062] The ceramic raw material slurry is prepared by combining and kneading predetermined amounts of an organic 
binder and water with silicon carbide particles. The sealing paste is prepared by combining and kneading an organic 
binder, a lubrieative agent, a plastic agent, and water with silicon carbide powder. The seal layer formation paste is 
prepared by combining and kneading predetermined amounts of an inorganic fiber, an inorganic binder, an organic 

55 binder, and inorganic particles, and water. 

[0063] Next, the ceramic raw material slurry is put into an extruder and continuously extruded from a mold. Afterward, 
the extruaed honeycomb molded product is cut into equivalent lengths to obtain elongated square honeycomb molded 
product pieces. Further, a piedetermined amount of sealing paste is charged into one of the openings of each cell in 
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the cut pieces such that both end surfaces of each cut piece is sealed. 

[00641 Then, main sintering is performed by setting predetermined conditions, such as the temperature and time, tc 
completely sinter the honeycomb molded pieces and the sealing bodies 1 4. All of the sintered porous silicon carbide 
filters F1 obtained in this manner are still square pole-shaped. 
5 [0065] The sintering temperature is set to 2,100°C to 2,300'C in the present embodiment to obtain the average pore 
diameter of 6ujtv1 5u/n and a porosity of 35% to 50%. Further, the sintering time is set to 0.1 hours to 5 hours. Further, 
the interior ot a furnace has an inert atmosphere during sintering, and the pressure in that atmosphere is the norma! 
pressure. 

[0066] Then after forming a ceramic bedding layer to the outer surface of the filters F1 as required, the seal layer 
to formation paste is applied thereto. The outer surfaces of sixteen of such filters F1 are adhered to each other and thus 
integrated. 

[0067] in the following outer form cutting process, the assembly 9. which has been obtained through the fitter adher- 
ence-process and has a square cross-section, is ground to form the outer shape of the assembly 9 by eliminating 
unnecessary sections from the peripheral portion of the assembly 9 and form the ceramic filter assembly 9, which 

15 cross-section Is round. 

[0068] The fine particle trapping performed by the ceramic fitter assembly 9 will now be described briefly. 
[0069] The ceramic filter assembly 9 accommodated in the casing 9a is supplied wtth exhaust gas. The exhaust gas 
supplied via the first exhaust oipe 6 first enters the celis that are opened at the upstream end surface 9a. The exhaust 
gas than passes through the ceil wall 13 and enters the adjacent cells, orthe cells that are opened at the downstream 

20 end surface 9b From the openings of these cells, the exhaust gas flows out of the downstream end surfaces 9b of the 
filters F1. However, the fine particles included in the exhaust gas do not pass through the eel walls 1 3 and are trapped 
by the cell walls 13. As a result, the purified gas is discharged from the downstream end surface 9b of the filters F1 . 
The purified exhaust gas then passes through the second exhaust pipe 7 to be ultimately discharged into the atmos- 
phere. The trapped fine partdes are ignited and burned by the catalytic effect that occurs when the internal temperature 

25 of the assembly 9 reaches a predetermined temperature. 

(Example 1-1) 
[0070] 

30 

(1 ) 51 5wt% of a silicon carbide powder having an average gram diameter of 1 Oum and 22wt% of a silicon carbide 
powder having an average grain diameter of 0.5um were wet-mixed. Then, 6.5wt% of the organic binder (methyl 
cellulose) and 20wt% of water were added to the obtained mixture and kneaded. Next, a small amount of the 
plastic agent and the lubricative agent were added to the kneaded mixture, further kneaded, and extruded to obtain 
35 ■ the honeycomb molded product. More specifically, the a silicon carbide powder having an average particle djameter 
of about 10ujti was produced by Yakushima Denkou Kabushiki Kaisha under the product name of C-1000F, and 
the a silicon carbide powder having an average particle diameter of about 0.5>im was produced by Yakushima 
Denkou Kabushiki Kaisha under the product name of GC-15. ^ 

40 (2) Then after drying the molded product witn a microwave dryer, the through holes 12 of the molded product was 

sealed by the sealing paste made of sintered porous silicon carbide. Afterward, the sealing paste was dried again 
with the dryer. After the end surface sealing process, the dried body was degreased at 400«C and then sintered 
for about three hours at 2,200'C in an argon atmosphere at the normal pressure. This obtained the porous, hon- 
eycomb, silicon carbide filters F1 . 

(3) 23 3wt% of a ceramic fber (alumina silicate ceramic fiber, shot content 3%, fiber length 0.lmm-100mm), 
30.2wt% of silicon carblde.having an average grain diameter of 0.3um, 7wt% of silica sol (the converted amount 
of SiO, of the sol being 30%) serving as the inorganic binder, 0.5wt% of carboxymethyl cellulose serving as the 
organic binder, and 39wt% of waterwere mixed and kneaded. The kneaded material was adjustedto an appropriate 

so viscosity to prepare the paste used to form the seal layer 15. 

(4) Then the seaJ layer forming paste was uniformly applied to the outer surface ot the filters F1 . Further, in a state 
in whicn the outer surfaces of the filters F1 were adhered to one another the filters F1 were dned and hardened 
under the condition of 50'Cto 100'C x 1 hour. As a result, the seal layer 15 adhered the filters F1 to one ancther. 

55 The thickness t1 of the seal layer 1 5 was set at 0.5mm. The heat conductryrty of the seal layer 1 5 was 0.3W/mK. 

(5) Next, the peripheral portion was cut to shape the peripheral portion and complete the ceramic fitter assembly 
9, which has a round cross-section. 
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[0071 ] Then, the thermal insulative material 1 0 is wound about the assembly 9 obtained in the above manner. In this 
state, the assembly 9 is accommodated in the casing 8 and actually supplied with exhaust gas. After a predetermined 
time elapses, the assembly S is removed and cut at a plurality of locations. The cut surfaces were observed with the 
naked eye. 

5 [0072J Consequently, residuals of the fine particles were not confirmed at the peripheral portion of the assembly 9 
(especially, the peripheral portion near the downstream end surface) where there is a tendency for unbumed particles 
to remain. The fine particles were of course completely burned at other portions. It is considered thaTsuch results are 
obtained because the usage of the seal layer 15 prevents the conductance of heat between the filters F1 from being 
decreased and the temperature sufficiently increases at the peripheral portion of the assembly 9. Accordingly, in ex- 

10 ample 1-1 , it is apparent that exhaust gas was efficiently processed. 

(Examples 1-2, 1-3) 

[0073] in example 1 -2, the ceramic filter assembly 9 was prepared by setting the thickness fl of the seal layer 1 5 at 
js 1 .0mm. The other conditions were basically set in accordance with example 1 -1 . In example 3, the ceramic filter as- 
sembly 9 was formed by setting the thickness t1 of the seal layer 15 at 2.5mm. The other conditions were basically set 
In accordance with example 1 -1 . 

[0074] Then, the obtained two types of assemblies 9 were used for a certain period, and the cut surfaces were 
observed with the naked eye. The same desirable results as example 1 -1 were obtained. Thus, it is apparent that the 
20 exhaust gas was efficiently processed in examples 1-2 and 1-3. 

(Example 1-4) 

[0075] In example 1-4, the employed seal layer forming paste was prepared by mixing and kneading 25wt% of a 
25 ceramic fiber (mullite fiber, shot content rate 5wt%, fiber length 0.1mm-1 00mm). 30wt% of silicon nitride powder having 
an average grain diameter of 1 .Opjn. 7wr% of alumina sol (the conversion amount of alumina sol being 20%) serving 
as an inorganic binder, 0.5wt% of poly vinyl alcohol serving as an organic binder, and 37.5wt% of alcohol. The other 
portions were formed in accordance with example 1 -1 to complete the ceramic filter assembly 9. The thickness 11 of 
the seal layer 15 was set at 1 .0mm. The thermal conductivity of the seal layer 15 was 0.2W/mK. 
so [0076] Then, the obtained assembly 9 was used for a certain period, and the cut surfaces were observed with the 
naked eye. The same desirable results as example 1 were obtained. Thus, it is apparent that the exhaust gas was 
efficiently processed in example 4. 

(Example 1-5) 

[0077] In example 1 -5, the employed seal layer forming paste was prepared by mixing and kneading 23wt% of a 
ceramic fiber (alumina fiber, shot content rate 4wt% : fiber length 0.1 mm-1 00mm), 35wt% of boron nitride'powder having 
an average grain diameter of 1 um, 8wt% of alumina sol (the conversion amount of alumina sol being 20%) serving as 
an inorganic binder, 0.5wt% of ethyl cellulose serving as an organic binder, and 35.5wt% of acetone. The other portions 
40 were formed in accordance with example 1 to complete the ceramic filter assembly 9. The thickness t1 of the seal layer 
15 was set at 1 .0mm. The thermal conductivity of the seal layer 15 was 2W/mK. 

[0078] Then, the obtained assembly 9 was used for a certain period, and the cut surfaces were observed with the 
naked eye. The same desirable results as example 1 were obtained. TTius, it is apparent that the exhaust gas was 
efficiently processed in example 5. 
45 [0079] The ceramic filter assembly 9 of the first embodiment has the following advantages: 

(1) In each example, the thickness tl of the seal layer 15 is set in the preferable range of 0.3mnv3mm ? and the 
thermal conductivity of the seal layer 15 is set in the preferable range of C.1W/mK-10W/mK. This improves the 
thermal conductivity of the seal layer and prevents the thermal conductivity between the filters F1 from being 

so decreased. Accordingly, heat is uniformly and quickly conducted to the entire assembly 9. This prevents a tem- 
perature difference from oeing produced in the assembly 9. Accordingly, the thermal uniformity of the assembly 9 
is increased and the occurrence of locally unbumed particles is avoided. The exhaust gas purification apparatus 
1 , which uses the assembly 9, has superior exhaust gas processing efficiency. 

Further, If the thickness t1 and the thermal conductivity is within the above range, basic properties, such as 

55 adhesiveness and heat resistance remain the same. This avoids the manufacturing of the seal layer 15 from 

becoming difficult. Further, since the seal layer 15 serves to adhere the filters F1 to one another, breakage of the 
assembly 9 is avoided. In other words, the assembly 9 is relatively easy to manufacture and has superior durability. 
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(2 ) The seal layer 15 in each example contains as a solid I0wt%-70wt% of ceramic fibers. This ™^J»*" 1 
layer 15 to h ave high thermal conductivity and elastic** Thus, the thermal conducnvny between filters F1 . rm- 
proved, and the thermal conductivity of the assembly 9 is further increased. 

5 (3) -he seal layer 15 in each example contains ceramic fibers, the lengths of which are 1 00mm orshorter. Accord- 

nly me Seas t1 of the sea. layer 15 may be set to 3mm or less wtthou. any *^ °* 
heat conductivity between the filters F1, and thus contributes to the thermal unrformtty of me assembly 9. 

/ai The seal laver 15 in each example contains as a solid 3wt%-B0wt% of inorganic particles. Thus, the seal layer 
thermal uniformity of the assembly 9. 

(Si The seal layer 15 in the above examples, are formed from at least an inorganc fiber, an inorganic bmder an 
SJnTc oSer and inorganic particles. Further, the sea. aver 15 » made of an elastic materia, formec £r jornrng 
Smeritonalfy InteSecfing the morgan* f fcers wtth the morgan* panicles with an Inorganic bmderand an 
organic binder. 

ro0801 Such material has the advantages described below. Sufficient adhesion strength is obtained In a ^temper- 
STnnS ESI rii S h temperature range. Funher. me material is elast*. Thus, when thermal strcss ,s applied to me 
20 - assembly 9. the release of the thermal stress is ensured. ri ^ ri h«i bstow 

' [00811 The first embodiment of me present invention may be modified as described below. 

(a) The number of me fttera F1 is not limited to 16 and may be any number. In mis case, filters F1 hav.ng differont 
dimensions and shapes may be combined. 

25 . c- e i„ a^ramir filter assembly 21 of a further embodiment, the filters F1 are offset from 

m ^^^^^^!^^!S!Sm^ and the fitters F1 are adhered by the sea. .ever 
one anothenn a direction wnen being accommodated in the casing 8. This Improves the 

breakage strong* o ' contributes to improvement of the breakage strength. Further, smce 
assembly 21 is further enhanced. 

(C, instead of the honeycomb fitters F1 . the filters may nave a three-dimensional mesh structure, a foam-like stroc 
35 ture a noodle-like structwe, or a fioer-liKb structure. 

40 a, tor example, oval cross-section. 

[00821 Fig yteaperapecttveviewshovvingahom^ 

lumaj rig. / » « . CP rtional view showinq the main portion of the exhaust gas 

45 1 8. It is required that the curvature of the round surfaces 1 8 be R-0.2 ; to 2.5. rt rurcne p 

vature R. 
55 (Example 2-1) 

roo85] Inexampte^.theceramicfilterassem^^ 

^lulg oTLh comerto perform chamfering, andformingthe round surfaces 18 of R=1.5.Tne other steps are 
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lasno chipping of the comers. Accordingly. It has oecome apparent that the assembly 29 of the example 2-1 « 
extremely superior in strength. 

(Examples 2-2, 2-3) 

r00881 In example 2 the caramic fitter assembly 9 was manufadured by setting the curvature of the round surlaces 
fitteTas^ 

portions basically in the same rnanner as in ^exampte 2-1^ _ mannef ^ 

^^SST^Sl^ mblies^o, the exanptesS-^^ are superior instrencm. 
(Example 2-4) 

,00901 m 2-4, tn. oo™*f».r .»«»» «» ™»*»>».0 0* " ^^''T*^™ 

become apparent that the assembly 29 of example 2-4 is superior in strength. 
(Example 2-5) 

ELS£ naxed eye. A preferabie result simifcr to that of example 2-1 was obta.ned.. 
(Comparative Example) 

Hons Accordingly, the assembly 29 was infenor m strength. .. M . h _,_ 11 

|o0961 T^e cerLcfitter assembly of the second embodiment has the advantages d,scussed beta* 

(,) The comers on the outer surface of the honeycomb fitter F1 are round £ MMh« 
biltty of the exhaust gas purfcation apparatus 1 , which empbys the assembly 29. 

(2,The assembly 29 employsthe honeycomb fitter 1 . which temade of honeycomb sintered porous sfflcom «■»». 
SI \SLm 28 S a higher tittering capability, less pressure loss, and supenor heat resist- 

ance and heat conductance characteristics. 
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munaneously when molding ^^S^SSt> K^Td l a rectangular pde. whteh has a square cross- 
[01OO1 The honeycomb fitter F1 » not requ. ed to honeycomb filter F20 may be 

lection, prior to the outer form cutting »^££22£ SLr. a honeycomb finer F30 may be triangular 
formed into a rectangular pole hav.ng a ^J^^L as shown in Fig. 12. 

ro«So%,l3an dR g.^ 

39c to which a ceramic smoothing layer 16 *&™£^^J mM mdudes inorganic partides. such 
includes at leastceramte ^ n **™£^l%Z£L an inorganic binder, such as silica sol or alumina 
as silicon carbide, silicon nttnde. and boron nrtnde^lt « t pnm ^ ^ ^ ceramic matenal be 

so,, or an organic binder, sucn as a *2E^£Z££?£ ^organic partides with a binder, it is preferred 
formed by binding ^^^^-^^S^S of materia, as the sea. .ayer 1 5. and especially preferrec 
that the smoothing layer 16 be ™ matcna | as the seal layer 15. 

that the smoothing layer 16 be made Of •"^JJ^T^JS 16 5e 0.1mm to 10mm, lurther preterred that the 
[0103] It is preferred that the IMMoMMm mort*V layer 1 ^smoothing .ayer 16 is too thin, 

thickness be 0.3mm to 2mm, and opt-mar M » ^ ^.y 9 ca nnot be completely filled. Thus, gaps 
pte 17 that areformed JJ^^^TS^ng ^cKened. the formats of the ,ayer 

[0104] tt is preferred that the «Bney«r « ^J^^^r « JS^nerthan the .moomhg W the ftllerU^capactty 
forniedhtherBngeof03nmto3mmV»en^ea^ens 

and the thermal conductance are J^^^ernbly 3 9 will now be deserved with reference*, Fig. 14. 

[0105J Thep^relormanufaciu^^^c^^^ ss a ^ paste used during an end 
01061 First, a ceramic raw mat *nyu ^""^^ a fllt P er adn esion process, and a smoothhg teyer 

Ld J and water with silcon carbide ^^JE^^-* powder. The seal layer formation paste 
binder , a lubricative ^agen, a pjsbc ^ predetermined amounts o, an morgan. 

Srg^^^^ 

[01081 Ne>Weramic raw material slurry Bprt,n1oa "^ n e ^ 0 "Sneton^aed square honeycomb molded 

normal pressure. . outer sur(ace of the fBters F1 as required, the seal layer 

[01111 Then, afterformmg a ceramc bedding , toyer to me oute ^ each oJheran(J h 

formation paste is applied thereto. The "JT^TSSil ^a square aoss-sedion, as shown in Fig. 1«a) 
integrated. Althls point, the wramicfmerassembry 39Aas a*moie n {he fUter 

tOH 9 21 -tnefoliowing outer = ^ 
adherence process and has a square cross 5«w«". » 
. unnecessary sections from the peripheral portion ot ^^cL^aion . obtained,-as shown «ri Fig. H(b). 

, [01141 in the following smoothing layer formmg P-~«J^ « ^ ^ 3 9. This completes the ceram.c 
layer formation paste and uniformly appled to the outer surface 9c ot in 
filter assembly 39 shown in Fig. 14(c). 
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(Example 3-1) 
[0115] 

(1 ) 51 5wt% of o silicon carbide powder and 22wt% of p silicon carbide powder were wet-mixed. Then. 6.5wRi of 
he oraanic binder (methyl ceHulose)and 20wt% of water were added to the obtained mixture and kneaded. Next, 
a small amount of the plastic agent and the lubricative agent were added to the kneaded mixture, further kneaded, 
and extruded to obtain the honeycomb molded product. 

<2) Then after drying the molded product with a microwave dryer, the through holes 12 of the molded product were 
sealed by the sealing paste made of sintered porous silicon ca±ide. Afterward, the sealing paste ^ ^ i&m 
wS me dryer. After the end surface sealing process, me dried body was degreased at 400'C and then sintered 
for aboutthree hours at2.200*Cin anargonatmosphereatnormalpressure.This obtained trie porous, honeycomb, 
silicon carbide fitters F1. 

tSi 23 3wt% of a ceramic fiber (alumina silicate ceramic fiber, shot content 3%. fiber length 0.1mm-1OOmm) 
SSntoTaSci oarb.de riaving an average grain diameter of 0.3pm. 7wt% of silica sol (trie converted amount 
ofSTrt f the MM* 30%) serving as the inorganic binder. 0.5wt% of carboxymethyl ce.lu.ose serving as trie 
orinicSnZandSsi* of waterwere mixed and kneaded.Tbe kneaded matenaiwasadjustedtoanappropnate 
viscosity to prepare the paste used to form the seal layer 15 and the smooth.ng layer 16. 

(4) Then the seal layerforming paste was uniformly applied to the outer surface of the fitters F1 . Further, in aetata 
, JhW th °oL surfaces of the filters F1 were adhered to one another, the filters F1 were dned and hantened 

2$ The thickness tl of the seal layer 15 was set at 1 .Omm. 

(5) Next the peripheral portion was cut to shape the peripheral portion and complete the ceramic fitter assembly 
S writri rias aTound cross-section. Then, the seal and smoothing paste was uniformly applied to the expose 

30 of 50 D C to 1 00«C x 1 hour to complete the assembly 39. 

[01161 The assembly 39 obtained in the above manner was observed with the naked eye. The pits 17 In theouter 
urface 39c were substantial* completely filled by the smoothing layer 16, and the outer sur^ce 39c wa^nootri. 
Further there were no cracks in the boundary portions of trie smoothing layer 16 and the seal layer 15. Accortmgly. 
as this indicates that the levels of adhesion and sea' were high el the bcur.dary portions. _ 

0 1 71 No gaps were formed in trie outer surface 9c of the assembly 39 when accommodating trie a^sembj 39 
encompassed by the thermal insure material in the casing 8. Further, when actually supplying exhaust gas. there 
waTrTo leakage of the exhaust gas through the gaps in the outer surface 39c from the downstream side., ft « thus 
apparent that exhaust gas is efficiently processed In the thiro embodiment. 

40 • 

(Example 3-2) 

[01181 in example 3-2. the sea. and smoothing paste was prepared^ mbdng and 



45 



50 



55 



£eV^^ 

average grain diameter of LOjim. 7wt% of alumina sol (the conversion amount of alumina sol being 20 /. sennng as 

aX 9 r^f bmZo.5wt% oTpo* viny. afcoho, serving as an organic binder and 37.5wt% of afcohol. The otrier 

portions were formed in accordance witri example 3-1 to complete the ceramc filter assembly -39. 

?01 191 Then observations were made by the naked eye in the same manner as example 1 . The prts 1 7 in the outer 

surfa^cweVesute 

Po^sof the smoothing Srer 16 andihe sea. layer 15. According*, ths indicates that the levefc of adrieston and 

^T^faSr^^ 

gas trirougri gaps in the outer surface 39c did not occur, ft is thus apparent that exhaust gas was efficiently processed 
in example 3-2 m the same manner as example 3-1 . 

(Example 3-3) 

[0121 1 In example 3-3. the seal and smoothing paste was prepared by mixing and kneading 23wt% of a ceramic 
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fiber (alumina liber, shot content rate 4wt%. fiber length 0.1mm-100mm), 3Swt% of boron nitride powder having an 
average grain diameter of mm, 8wt% of alumina sol (the conversion amount of aluminasol being 20%) serving as the 
inorganic binder. 0.5wt% of ethyl cellulose serving as the organic binder, and 35.5wt% of acetone. The other portions 
were formed in accordance with example 3-1 to complete the ceramic filter assembly 39. „ 
5 r0122] Then observations were made by the naked eye in the same manner as example 3-1. The pns 17m the outer 
surface39cwere substantially completely filled bythesmoothinglayerie. Further.there were no cracks in the boundary 
portions of the smoothing layer 16 and the seal layer. 15. Accordingly, this indicates that the levels of adhes.on and 
seal were high at the boundary portions. 

r0123l No gapswere formed in the outer surface 39c of the assembly 39 during usage. In addition, leakage of exhaust 
w gas through gaps in the outer surface 39c did not occur. It is thus aoparent that exhaust gas was efficiently processed 
in example 3-3 in the same manner as example 3-1 . 

(Comparative Example) 

is [0124] in the comparative example, the smoothing layer 1 6 was not formed on the outer surface 39c. The other 
portions were formed in accordance with example 3-1 to complete a ceramic fitter assembly 
[01251 Then , observations were made by the naked eye in the same manner as example 3-1 . There were pits 17 in 
the outer surf ace 3-9c. Thus, gaps were formed in the ouler surface 3-9c during usage of the assembly, and gas leakage 
through the gaps occurred. Accordingly, in comparison with examples 3-1 to 3-3. it is apparent that the exhaust gas 

20 processing efficiency was inferior. 

' [0126] Accordingly, the ceramic filter assembly 39 has the advantages described below. 

(1) The smoothing, layer 1 6 fills the pits 1 7 and smoothes the outer surface 9c. Accordingly, gaps are not formed 
lie outer surface 39c when the assemb* 39 is retained. This prevents the leakage of exhaust As a resu t 

25 the ceramic fitter assembly 39 has superior exhaust gas processing efficiency. This, m turn, results m the exhaust 

gas purification apparatus 1 having superior exhaust gas processing efficiency. 

The smoothmg layer 16 is made of ceramic and thus has superior adhesion with the filter R which Is made 

o, altered porous ceramic, and superior heat resistance. Accordingly, even if <<»M>^; 

high temperature of several hundrec degrees Celsius, the smoothing layer 16 is not burned nor deformed. Thus. 
ao the desired adhesion strength is maintained. 

(2) The thickness of the smoothing layer 16 is set in the preferred range of 0.1mm to 10mm. This prevents the 
leakage of exhaust gas without making the manufacture of the assembly 39 difficult. 

35 .(3) The seal iPyer 1 5 is thinner th*n the smoothing layer 16. This prevents the filtering capability =nd the thorma; 
conductivity from decreasing. 

(4) The smoothing layer 16 is made from the same material as the seal layer 15. Since the coefficient pf thermal 
eian ion of the smoothing layer 16 and that of the seal layer 1 5 are the same the 

40 andsmoothing layer 1 5. 16 do not crack. In other words, high adhesh/eness. sealing, and rel.abHrty of the boundary 

POai FM asmoShing layer formation paste does not have to be prepared in addition to the seal Information 
paste. This facilitates the manufacture of the assembly 39 and avoids an increase in the manufactunng cost. 

(5) The following may be used as the material for forming the sea. layer 15 and the ™ 0 ^^^^ 
material including at least an inorganic fiber, an inorganic binder, an organic binder, and inorganic pamcles and 
bound to one another by the inorganic binder and the organic binder may be used. 

[0127] Such material has the advantage described betow. The material has satisfactory adhesion strength , ir .both 
50 low temperature and high temperature ranges. Further, the material is an etestic mtt ^^^^J^. 
is applied, the thermal stress is relieved. Further, the material hassuperiorthermalconductance.Thus. heat is uniformly 
and quickly conducted to the entire assembly 39. This enables efficient exhaust gas processing. 
[0128] The third embodiment of the present invention may be modified as described below. 

55 (a) As shown in Fig. 1 5, the present invention may be embodied in a ceramic filter assembly 321 by offsetting the 

filters F1 from one another in a direction perpendicular to the filter axial direction. 

(b) The smoothing layer 16 may be formed from a ceramic material that differs from that of the seal layer 15. 
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(c) The smoothing layer 1 6 may have the same thickness as the seal layer 1 5 or may have a greater thickness 
than the seal layer 15. 

(d) In addition to forming the smoothing layer 16 by employing an application technique, other methods, such as 
5 a printing technique, a staining technique, a dip technique, and a curtain coat technique, may be employed. 

[0129] Fig. 16 is a schematic perspective view of a ceramic filter assembly 49 according to a routih embodiment of 
the present invention. The ceramic filter assembly 49 is formed by a plurality of rectangular pole-like honeycomb filters 
F100. 

»o [0130] In each honeycomb filter F100, the flow direction of the exhaust gas (direction perpendicular to the filter end 
surface), which is the processed fluid, is defined as the filter length L (mm). Further, the area obtained when cutting 
each honeycomb filter F1 00 in a direction perpendicular to the flow direction (in other words, parallel to the fitter end 
surface) is defined as the filter cross-sectional area S (mm 2 ). 

[0131 ] In this case, the US value must be O.OSmm/mm 2 to O.ZSnrrvmm 2 . It is preferred that the US value be 0.1 Omm/ 
is mm 2 to O.eOmm/rnm 2 and most preferred that me US value be O.ISmm/mm 2 to O^OmnVmm 2 

[0132] When the US value exceeds OTSmm/mm 2 , a temperature difference is produced in the longitudinal direction 
of the filter. As a result, a high level of thermal stress is applied to the honeycomb fitter F100 thereby permitting cracks 
to easily form. On the other hand, when the US value is 0.06mmAnm 2 or less, a temperature difference is produced 
in a direction perpendicular to the fitter longitudinal direction. This also applies a high level of thermal stress to the 
20 honeycomb filter F100 thereby permitting cracks to easily form. 

[0133] ft is specifically preferred that the fitter length L be 1 20mm to 300mm, and especially preferred that the filter 
length be 140mm to 200mm. It is specifically preferred that the filter cross-sectional area S be^OOmm 2 to 2,500mm 2 , 
and especially preferred that the cross -sect ionaJ area S be 600mm 2 to 2,000mm 2 , and especially preferred thai the 
cross-sectional area S be 600mm 2 to 2,000mm 2 . When the values of L and S are outside the preferred range, a 
2S temperature difference is produced in the honeycomb fitter F100. Asa result, a large level of thermal stress easily forms. 

(Example 4-1) 

[0134] Basically, the same assembly 49 as that of example 1-1 was manufactured. The height W of the fitter F1 00 
30 was 33mm, tne width W2 was 33mm, and the length L was 1 67mm. Accordingly, the filter cross-sectional area S was 
1 ,089mm 2 , and the US value was O.ISmm/mm 2 (=167/1089). 

[0135] Then, the thermal insulaiive material 10 was wrapped around the assembly 49. In this state, the assembly 
was retained in the casing 8 and actually supplied with exhaust gas. 

[0136] Referring to Fig. 18(A) and 18(B), thermocouples were embedded in each of locations P1 to P6 and temper- 
35 atures T1 to T6 were respectively measured for a. certain period, respectively. Fuller, maximum temperature differ- 
ences A T(°C) at each of the locations P1 to P6 were obtained. The white arrow in the drawing shows the direction of 
the exhaust gas flow. The temperature measurement was conducted on the honeycomb filter F100 denoted with ref- 
erence character X in .Fig. 16. 

[0137] After a predetermined time, the assembly 49 was taken out and the honeycomb filters F100 were each ob- 
40 served with the naked eye. As a result, the maximum temperature difference AT(°C) of example 4-1 was about 5°C, 
the value of which is extremely small. Further, cracks were not confirmed in any of the honeycomb filters F1 00. 

(Examples 4-2 to 4-6) 

45 [0138] In examples 4 to 6, the assembly 49 was manufactured in the same manner as example 4-1. However, in 
example 4-2, the height W1 of each honeycomb filter F1 00 was set at 50mm, the width W2 was set at 50mm, and the 
length L was set at 150mm. Accordingly, the fitter cross-sectional area S was 2,500mm 2 , and the US value was 
(150/2,500=) O.OSrnnVmm 2 . 

[0139] In example 4-3, the height W1 was set at 20mm, the width W2 was set at 20mm, and the length L was set at 
so 300mm. Accordingly, the filter cross-sectional area S was 4,000mm 2 , and the US value was (300/400=) O./Smm/rnm 2 . 
[01 40] In example 4-4, the height W1 was set at 33mm, the width W2 was set at 33mm , and the length L was set at 
230mm. Accordingly, the filter cross-sectional area S was 1 ,089mm 2 , and the US value was (230/1089) O^lmm/mm 2 . 
[0141] In example 4-5 the height W1 was set at 25m, the width W2 was set at 25m, and the length L was set at 
300mm. Accordingly, the filter cross-sectional area S was 625mm 2 , and the US value was (300/625=) O^Smm/mm 2 
55 [0142] In example 4-6 the height W1 was set at 22m, the width W2 was set at 22m. and the length L was set at 
300mm. Accordingly, the filter cross-sectional area S was 484mm 2 . and the US value was (300/484=) 0.62mm/mm 2 . 
[0143] An experiment was conducted on the five types of assemblies 59 in the same manner as in example 4-1 . As 
a result, the maximum temperature difference AT(°C) was about 0°C to 1 0°C, the values of which are extremely small. 
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Further, no cracks were confirmed in any of the honeycomb fitters F1 00. 
(Comparative Example 1) 

5 [0144] In comparative example 1 , the assembly 49 was manufactured in the same manner as in example 4-1 . How- 
ever, the height W1 of each honeycomb filter F1 00 was set at 20mm, the width W2 was set at 20mm, and the length 
L was set at 400mm. Accordingly, the filter cross-sectional area S was 1 ,000mm 2 , and the US value was (400/400=) 
1 .OOmm/mm 2 . 

[0145] An experiment was conducted on the assembly 49 in the same manner as in example 4-1 . As a result the 
io maximum temperature difference AT(°C) was about 30° C and greater than each embodiment. The length L in com- 
parative example 1 was especially long. Thus, tnere was a tendency in a temperature difference-being produced in 
the longitudinal direction of the filter. 

[0146] Further, cracks were conlirmed in some of the honeycomb filters F1 00, and the honeycomb filters F1 00 were 
damaged. 

15 

(Comparative Example 2) 

[0147] In comparative example 2, the assembly 49 was manufactured in the same manner as in example 4-1 . How- 
ever, me height W1 was set at 70mm, the width W2 was set at 70mm. and the length L was set at 1 67mm. Accoralngly, 

20 the filter cross -sectional area S was 4,900mm 2 , and the US value was (167/4,900=) O.OSmm/mm 2 . 

[0148] An experiment was conducted on the assembly 49 in the same manner as in example 4-1 . As a result, the 
maximum temperature difference AT('C) was about 20°C and greaterthan each embodiment. T.he filter cross-sectional 
area S in comparative example 2 was especially large. Thus, there was a tendency in a temperature difference being 
produced in a direction perpendicular to the longitudinal direction of the filter. Further, cracks were confirmed in some 

25 of the honeycomb filters F1 00, and the honeycomb filters F100 were damaged. 

[0149] The advantages of the ceramic filter assembly 49 of the fourth embodiment will be discussed below. 
[0150] (1) By setting the ratio L/S between the filter length L and the filter cross-sectional area in the preferable 
range, the production of a large thermal stress is prevented without producing a large temperature difference in each 
of the honeycomb filters F100. This prevents cracks from being produced in the honeycomb filters F100 and the hon- 

30 eycomb filters F100 resist being damaged. Due to the increase in the strength of each honeycomb filter F100. the 
ceramic filter assembly 49 is manufactured with superior strength. Further, the employment of the assembly 49 in- 
creases the strength of the exhaust gas purification apparatus 1 and enables usage over a long period. 
[0151] The fourth embodiment may be modified as described below. 

35 (a) As long as the condition .of the US vaJue being in the range of.O.OSmm/mm 2 to 0.75mrrvmrn 2 is satisfied, the • 

form of the honeycomb filter F1 00 may be changed to a cylindrical pole-like shape, a triangular pole-like shape, 
or a hexagonal pole-like shape. : 

(b) In addition to using the honeycomb filters F1 00 as a member forming the ceramic filter 49, the honeycomb filter 
40 F100 may be used as an independent filter. 

[0152] Fig. 1 9 is a perspective view showing a honeycomb filter 59 having a honeycomb structure according to a 
fifth embodiment o1 the present invention. Fig. 20 is a cross-sectionai view taken along line 20-20 of the filter 59 of Fig. 
1 9. Fig. 21 is a cross-sectional view showing a main portion of an exhaust gas purification apparatus. 
45 [0153] It is preferred that the cell density of the honeycomb filter 59 be 120/inch 2 (18/cm 2 ) or greater, and more 
specifically, be in the range of 120 to 180Amch 2 . When the cell density is less than 120, the area of contact with the 
exhaust gas decreases. This lowers the purification capability of the honeycomb filter 9. 

[0154] It is preferred that the thickness of the cell wall 13 be 0.46mm or less, and more specifically be in the range 
of 0.20 to 0.46mm. When the thickness of the cell wall 13 exceeds 0.46mm, the opening area of the cell decreases 
so and the area of contact with the exhaust gas decreases. This lowers the purification capability of the honeycomb filter 
9. Further, If the cell wall 13 is madethicker than 0.46mm while maintaining the cell opening area, the entire honeycomb 
filter 9 is enlarged. 

[01 55] It is preferred that the average pore diameter of the honeycomb filter 9 be 5ujti to 1 5um , and further preferred 
that the average pore diameter be Bum to 12tim. If the average pore diameter is less than 5um, the deposit of partic- 
55 ulates clogs the honeycomb filter 9. This increases pressure loss. Thus, the driving performance of the vehicle falls, 
fuel efficiency decreases, and the driving feel becomes unsatisfactory. On the other hand, if the average pore diameter 
exceeds 50ym, fine particles cannot be trapped. This decreases the trapping efficiency and deteriorates the particulate 
filtering function. 
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[0156] It is preferred thai the porosity ot the honeycomb filter 9 be 30% to 50%, and further preferred that the porosity 
be 35% to 49%. If the porosity is less than 30%, the honeycomb filter 9 becomes too dense. This hinoers the interior 
flow of exhaust gas. If the porosity exceeds 50V the number of pores in the honeycomb filler 9 becomes excessive. 
This may decrease the strength and lower the trapping efficiency of fine particles. 

5 [0157] Amongtheporesofthehoneycombfirter9, ft is preferred that 20% or more be through pores. Morespedfcally, 
it is preferred that 20% to B0% be through pores, and especially preferred that 20% to 50% be through bores. A through 
bore refers to a gap that extends through a cell wall 13 and connects adjacent holes 12. If the through pores are less 
than 20% ot the pores, the pressure loss becomes large. Thus, the driving pert ormance of the vehicle falls, fuel efficiency 
decreases, and the driving feel becomes unsatisfactory. On the other hand, If the through pores exceed 80% of the 

to pores, manufacture may become difficult and cause stable material supply to be Difficult. 

[0158] It is preferred that total volume of the honeycomb filter 9 be 1/4 to 2 times the total displacement of the engine. 
It is further preferred that the total volume be 1/2 to 1 .5 times the total displacement. If the value is less than 1/4, the 
deposit of particulates dogs the honeycomb filter 9. If the value exceeds 2 times, the honeycomb filter 9 is enlarged. 
When the honeycomb filter 9 is enlarged, there is a tendency of the temperature differing between portions of the filter 

is 9 during combustion .This increases the thermal stress applied to the honeycomb filter 9 and increases the posstoility 
of the formation of cracks. 

[0159] The honeycomb fitter 9 is made of sintered porous silicon carbide, which is a type of sintered carbide. The 
impurities included in the sintered porous silicon carbide is 5wt% or less. It is prefened that the amount of impurities 
be 1wt% or less and ft is especially preferred that the amount of impurities be 0.lwt% or less. If the impurities exceed 
20 5wt%, impurities concentrate a: the grain boundary of the silicon carbide crystal grains and significantly decreases the 
strength at the grain boundary (strength bonding crystal grains). This makes the grain boundary vulnerable to breakage. 
Impurities Include Al, Fe, O and tree C. Like the honeycomb filter 9, the honeycomb titer 9 is made of sintered porous 
silicon carbide. 

25 (Example 5-1) 

[0160] Basically, in the same manner as the example 4-1, the through holes 12 of the molded product were dried 
with a microwave dryer and then sealed with a sealing paste made of sintered porous silicon carbide. Afterward, the 
drierwas used again to dry the sealing paste. Subsequent to the end sealing process, the dried product was degreased 

30 at 400°C and then sintered for about three hours at 2,250°C in an argon atmosphere under normal pressure. 

[0161] As a result, the produced sintered porous silicon carbide honeycomb filter 59 had a pore diameter of 10um, 
a porosity of 42%. a through pore existence rate of 25% relative to the pores, a cell density of 150/mch 2 , and a cell 
wall 1 3 thickness of 0.4mm. The honeycomb fitter 59 had a diameter of 1 00mm, a length of 200mm, and a total volume 
of 2,300cm 3 . The total volume refers to the volume obtained by subtracting the volume of the through holes 12 from 

35 . the volume of the entire honeycomb filter 59. It is preferred that the thickness of the cell wall 13 be 0.46mm or less, 
and more specifically, in the range of 0.20 to 0.46mm. 

[0162] Then, the honeycomb filter 59 was wrapped around the honeycomb filter 59. In this state, the honeycomb 
filter 59 was retained in the casing. An engine having a displacement of about 3 t 000cc was then used to supply the 
exhaust gas purification apparatus 1 with exhaust gas at a flow rate of 7m/sec. In this state, the pressure value of the 
40 exhaust gas at the upstream side of the honeycomb filter 59 and the pressure value of the exhaus: gas at the down- 
stream side were measured. A pressure loss AP (mmAq), which is the difference between the values, was obtained. 
Further, the amount of soot at the rear side of the honeycomb filter 59 was measured to confirm the amount of partic- 
ulates that were not trapped. Further, a certain time period, the honeycomb filter 59 was taken out and observed with 
the nakeo eye to confirm cracks. The results are shown in table 1 . 
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[0163] As shown in table 1 . the pressure loss AP in example 5-1 was about BOmmAq, the value of which is extremely 
small. The particulate leakage amount was about 0.0lg/km, the value of which is extremely small. The honeyccmt 
filter 9 had a flexural strength of 6.5Mpa and had an extremely hign level of mechanical strength. There were nocracKs 
in the honeycomb filter 9. 

5 

(Example 5-2, 5-3) 

[01641 ,n examples 5-2 and 5-3, the honeycomb filter 59 was manufactured basically in the same manner as in 
example 5-1 . However, in examples 5-2 and 5-3, only the total volume of the honeycomb filter 59 was the same as 

io that of example 5-1 . The mixture ratio, sintering temperature, sintering time, etc. were changed as described below tc 
adjust the pore diameter, porosity, and the through pore existence rate relative to the pores. 
[0165] In the produced sintered porous silicon carbide honeycomb filter 59 of example 5-2, the pore diameter was 
6 u. m. the porosity was 32%. and the through pore existence rate was 30%. The same experiment as that of example 
5-1 was conducted. The pressure loss AP was about 1 00mm Aq, the value of which is extremely small. The particulate 

15 leakage amount was about 0.01g/km, the value of which is extremely small. The honeycomb filter 59 had a flexural 
strength of 6.2Mpa and had an extremely high level of mechanical strength. Further, there were no cracks in the hon- 
eycomb filter 59. 

[0166] In the produced sintered porous silicon carbide honeycomb filter 59 of example 5-3, the pore diameter was 
14 ujn, the porosity was 48%, and the through pore existence rate was 45%. In the experiment result of this example, 
20 the pressure loss AP was about SOmmAq, the value of which is extremely small. The particulate leakage amount was 
about 0.01 5g/km, the value of which is extremely small. The honeycomb filter 59 had a flexural strength of 6.0Mpa and 
had an extremely high level of mechanical strength. There were no cracks in the honeycomb filter 59. 
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(Comparative Examples 1 to 3) 



[0167] In comparative examples 1 to 3, honeycomb filters were manufactured basically in the same manner as in 
example 5-1 . However, in comparative example 1 , the total volume of the honeycomb filter was 700cm 3 , which is less 
than 1/4 the displacement (3,000cc). Further, the pore diameter, porosity, and the through pore existence rate relative 
to the pores was as described below. 
30 [0168] In the produced sintered porous silicon carbide honeycomb filter of comparative example 1 , the pore diameter 
was 3ujti, the porosity was 10%, and the through pore existence rate was 1 0%. In the experiment result of comparative 
example 1 , the pressure loss AP was about 300mmAq, the value of which is extremely large. The particulate leakage 
amount was about 0.005g/km,.the value of which is extremely small. The honeycomb fitter had a fiexural strength of 
7.2Mpa and had an extremely high level of mechanical strength. There were no cracks in the honeycomb filter. 
35 [0169] In comparative example 2 : the total volume of the honeycomb filter was greater than that of examples 1 -3 
and was 7,000cm3, which is two times or greater than the displacement (3.000cc). Further, in the produced sintered 
porous silicon carbide honeycomb filter, the pore diameter was 20am, the porosity was 70%, and the through pore 
existence rate was 1 5%. In the experiment result of comparative example 2, the pressure loss AP was about 40mmAq, 
the value of which is extremely small. The particulate leakage amount was aoout O.OAg/km, the value of which is 
40 extremely small. The honeycomb filter had a flexural strength of 2.5Mpa and satjstactory mechan ical strength was not 
obtained. There were no cracks in the honeyccmb filter. 

[01 70] In comparative example 3, a cordierite honeycomb filter was produced through a known manufacturing method 
that differs from the manufacturing method of comparative examples 1 and 2. The total volume of the honeycomb filter 
was 700cm 2 . In the honeycomb fitter, the pore diameter was 30um, the porosity was 20%. and the through pore ex- 
45 istence rate was 15%. In the experiment result of comparative example 3, the pressure toss AP was about 120mmAq, 
the value of which is large. The particulate leakage amount was about 0.015c/km, the value of which is targe. The 
honeycomb filter had a fiexural strength of 3.1 Mpa and satisfactory mechanical strength was not obtained. There were 
no cracks in the honeycomb filter. 

[0171 ] Table 1 shows the comparison result of examples 5-1 to 5-3 and comparative examples 1 to 3. as described 
so above. 

(Experiment Result) 

[0172] As apparent from table 1 , it was confirmed that exhaust gas passed smoothly through all of the honeyccmb 
55 filters 59 in examples 5-1 to 5-3. Further, the particulate leakage amount was substantially null, and the required me- 
chanical strength of the honeycomb filter was obtained. In comparison, the required mechanical strength of the hon- 
eycomb fitter was obtained in comparative example 1 . However, exhaust gas did not pass smoothly througn the hon- 
eycomb filter. Further, in comparison example 2, exhaust gas passed smoothly through the honeycomb filter. However, 
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the required mechanical strength was not obtained. In example 3. exhaust gas did not pass smoothly through the 

honeycomb fitter, and the required mechanical strength was not obtained. 

[01731 The advantages ot the honeycomb filter 59 of the fifth embodiment will now be discussed. 

5 (1 ) The sintered porous silicon carbide honeycomb filter 59 is arranged in the casing 8. The honeycomb filter 9 is 

formed so that the average pore diameter is 5 to 1 5nm. the average porosity is 30 to 40%. and the through pore 
existence rate relative to the pores is 20% or greater. Since the honeycomb filter 9 is not excessively dense, 
exhaust gas passes smoothly through the interior, and pressure toss Is decreased. This improves fuel efficiency 
and prevents deterioration of the driving feel. Further, since the amount of gaps in the honeycomb fitter 9 is not 

10 excessive.fine particulates are trapped and the trapping efficiency is improved. Additionally, even if the honeycomb 
fitters is porous, satisfactory mechanical strength is obtained. Thus, the produced honeycomb filter 9 resists oreak- 
age caused by vibrations and thermal impact 

(2) The honeycomb filter 9 is formed so mat the average pore diameter is 6 to 12nm, the average porosity is 35 
is to 49%, and the through pore existence rate relative to the pores is 20 to 50% or greater. Thus, the pressure toss 

is further decreased, and the strength is increased. 

(3) The end surfaces otthe honeycomb filter 9 so that the sealing bodies 1 4 seal the cells alternately. The number 
of cells per square inch is 120 or more, and the thickness of the cell wall 1 3 is 0.46mm or less. This increases the 

20 area of contact with the exhaust gas and increases the purificatton.capability ot the honeycomb filter 9. 

(4) The total volume of the honeycomb fitter 9 is 1 /4 to 2 times the total displacement of the diesel engine 2. Since 
the deposit amount of the particulates does not become excessive, dogging ot the honeycomb f ilter9 is prevented. 
Further, the honeycomb filter 9 Is not enlarged. This prevents the occurrence of temperature differences between 

25 different locations of the honeycomo fitter 9 during combustion. Accordingly, the thermal stress apphed to the 
honeycomb filter 9 Is decreased and cracks are not produced. 

[0174] The fifth embodiment may be modified as described below. 

so (a) The form of the honeycomb filter 9 is not limited to a cylindrical pole-like shape and may be changed to a 

cylindrical pole-like shape, a triangular pole-like shape, or a hexagonal pole-like shape. 

(b) As shown in Fig. 22, a plurality (1 6) of honeycomb filters 523 may be integrated to manufacture a ceramic filter 
assembry 521. In each pergonal honeycomb filter 523, trie average pore diameter is 8 to 12^, me average 
35 porosity is 35 to 49%. and 20 to 5u% of the pores are throu_gh^pores. The outer surfaces of the noneycomb fitters 

523 are connected to one another by a ceramic seal layer 522. 

[0175] in a sixth embodiment, a specific surface area of the particles forming the cell wall 1 3 of the ™ne^mb titter 
59 is U or more, and more specKically, 0.1 to Inrttg. If the specific surface area of the cell walls 3 s Oi n*g 
40 or less, the deposit of the particulates clogs the honeycomb fitter 59. This increases pressure loss and I thus decreases 
the fuel efficiency of the vehicle and degrades the feeling drive. If the specific surface area exceeds I.On^g. fine 
particulates cannot be trapped. This decreases the trapping efficiency and causes the filtering funcfon of the honey- 
comb filter 59 to become unsatisfactory. 

45 (Example 6-1) 

[0176] A honeycomb filter 59 was produced basically in the same manner as that of example 5-1 
surface area of the particles forming the cell wall 13 was 0.3nvVg. In example 6-2 and the comparahve example^ 
honeycomb filters 59 were produced basically in the same manner as example 5-1 The specrfic surface ^area o tte 
50 honeycomb filter 59 of example 6-2 was 0.8m*/g, and the specific surface area of the honeycon* filter^ ofthe 
comparative example was 0.05m*/g. , n eaC h of the honeycomb filters 50 of examples 6-1, 6-2 and the comparahve 
example, the cell density was ISO/inch* and the thickness of the cell wall 13 was 0.4mm. 

[0177] The honeycomb filter 59 was wrapped by the thermal insubtive material 10. In ths state, me l™*™*]"" 
59 was retained in »e casing 8. A diesel engine 2 having a displacement of about 3,000cc was then used to supp* 
55 the exhaust gas purification apparatus 1 with exhaust gas at a flow rate of 9m/sec. in th« state the pressure vato i of 
the exhaust gas at the upstream side of the honeycomb filter 59 and the pressure value of the exhaust gas at the 
downstream stoe were measured. A pressure loss AP (mmAq), which is the difference between the values, was ob- 
tained. The results are shown in table 2. 



19 



EP1 142 619 A1 



Table 2 





Example 1 


Example 2 


Comparative Example 


Specific Surface Area (crn^g) 


0.3 


0.8 


0.05 


Particulate Pressure Loss (mmAq) 


180 


120 


250 



[0178J ^ apparent from table 2, the pressure loss AP of the honeycomb filters 59 in example 6-1 , example 5-2, and 
the comparative example was 180mmAq, 120mmAq, and 250mmAq 1 respectively. Accordingly, in examples 6-1 and 
6-2, a large pressure loss such as that of the comparative example was not confirmed. 
[01 79] The honeycomb filter 59 of the sixth embodiment has the advantages described below. 

{1 ) In the honeycomb filter 9, the specific surface area of the panicles forming the cells waQ 13 is 0. 1 m*/g or greater. 
Since the honeycomb filter 9 does not become excessively dense, exhaust gas passes smoothly though the interior, 
and the p ress ure loss is decreased. Accordingly, fuel efficiency is improved and degradation of the driving feel is 
prevented. In addition, the upper limit of the specific surface area of the particles is 1 .OrrAjg. Thus, the gap amount 
of the honeycomb filter 9 is not excessive and the trapping of fine particles is ensured. This improves the trapping 
efficiency. 

(2) The sintered silicon carbide cell wall 1 3 has superior heat resistance. This prevents the cell wall 1 3 from being 
deformed or burned away. Accordingly, fluid is efficiently purified over a long time period. 

(3) The porous cell wall 13 enables smooth passage of the exhaust gas and further decreases power loss. In 
addition, the trapping efficiency of particulates is further increased. 

[0180] The sixth embodiment may be modified as described below. 

[0181 J A plurality (1 6) of honeycomb filters may be integrated to manufacture a ceramic filter assembly. The specific 
surface area of the cell wall of each honeycomb filter is 0.1 to 1m2/g. 

INDUSTRIAL APPLlCABILfTY 

[0182] The ceramic filter assembly of the present invention may be applied tc an exhaust gas purification filter of a 
diesel engine 2, a heat exchange device member, a filter for high temperature fluid or high temperature vapor, etc. 



Claims 

1. An integral ceramic filter assembly (9) produced by adhering with a ceramic seal layer (15) outer surfaces of a 
plurality of filters (F1), each of which is formed from a sintered porous ceramic body, the ceramic filter assembly 
being characterized in that 

the seal layer (1 5) has a thickness (tl ) of 0.3mm to 3mm and a thermal conductance of 0.1 W/mK to 1 0W/mk. 

2. The ceramic filter assembly according to claim 1 , wherein the seal layer includes 70wt% or less of ceramic fiber 
as a solid. 

3. The ceramic filter assembly according to daim 1 or 2, wherein the seal layer includes ceramic fibers having fiber 
lengths of 1 00mm or less. 

4. The ceramic filter assembly according to any one of claims 1 to 3, wherein the seat layer includes as a solid 3wt% 
to 80wt% of an inorganic grain. 

5. An Integral ceramic filter assembly (29) produced by adhering with a ceramic seal layer (15) outer surfaces of a 
* plurality of elongated polygonal honeycomb filters (F1), each of which is formed from a sintered porous ceramic 

body, the ceramic filter assembly being characterized by: 

round surfaces (18) defined on chamfered comers of the outer surface of each honeycomb filter, wherein 
the round surfaces have a curvature R of 0.3 to 2.5. 
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6. An integral ceramic fitter assembly (39) produced by achering with a ceramic sad layer (1 ^ outer 
plurality of filters (F1). each of which is formed from a sintered porous ceramc body, the cerarmc filter assembty 

bdn ^ e ce 8 ^Somingteyer(16) applied to the outersurfaceofthe assembly, which asawholenasagenem.hr 
circular cross-section or generally oval cross-section. 

7. The ceramic fitter assembly according to daim 6, wherein the smoothing layer nas a thickness of 0.1mm to 10mm. 

8. The ceramic filter assembly according to claim 6 or 8,'wherein the seal layer is thinner than the smoothing layer. 

9. The ceramic fitter assembly according to any one of clams 6 to 8, wherein the smoothing layeris made from the 
same material as the seal layer. 

10 An lntearal ceramic fitter assembly (49) produced by adhering with a ceramic seal layer (15) outer surfaces of a 

ceramic fitter assembly being characterized in that: 

a raSo 5 bTween a filter length I in a flow direction of e processed fluid and a filter cross-secnon S m a 
direction perpendicular to the flow direction is O.OSmmMim 2 to 0.75mnVmm< 

11 . The ceramtefllter assembly according to any one ol claims 1 to 10. wherein the assembly is a diesel partlculatefitter. 

12. The ceramic titter assembly according to any one of claims 1 to 11 . wherein the fitter is formed from a sintered 
porous silicon carbide body. 

25 13 The ceramic fitter assembly according to any one of claims 1 to 12. wherein the seal layer includes at least an 

inorganic binder and the organic binder. 
30 14 The ceramic fitter assembly according to any one of clams 1 to 13, wherein the seal layer is formed from 10wt% 

cellulose, and 3wt% to 80wt% of silicon caroide powder. 
15. The ceramic filterassemb^accordingtoanyoneof claims 1 to 14, wherein the fitters are arranged in a state offset 
35 from one another in a filter axial direction. 

18. An integral honeycomb filter assembly (521) produced by adhering with a ceramic seal layer (522) 

of a plurality of honeycomb fitters (523). each of which has a o.uraltty of cells defined by a aril wall (13)an wheh 
purifies fluid including particulates with the cell wall, the honeycomb filter assemby be.ng charactered m that. 
40 a specific surface eree of grains forming the cell wall is 0.1 rrrVg or mere. 

17. An elongated honeycomb fitter (F100) formed from a sintered porous ceramic body, the honeycomb fitter being 

^"TatS sVe^een a filter length L in a flow direction ot a processed fluid and a filter cross-section S in a 
as direction perpendicular to the flow direction is 0.06mnVmmZ to o.75mm/mrr.«. 

1 8. A honeycomb filter (F1 00)tomied from a sintered porous ceramic body, the honeycomb fitter being characterized 

^n average pore diameter of the honeycomb filter is 5 to 15,1m, an average porosity is 30 to 50%, and the 
so . honeycomb titter has 20% or more of through pores . 

- 19. The honeycombfitter according to claim 18. wherein the average pore diameter is 8 to 12,! m, the average porosity 
is 35 to 49%, and the ratio of through pores is 20 to 50%. 

» 20. The honeycomb filter according to claim 18 or 19 comprising a plurality of cel^ including a firat cell having a first 
end surface sealed by a settling body (1 4) and a second cell adjacent to tne first cell by way of a c*K I wafl^o 
having a second end surface opposite to the first end surface sealed by a sealing body where, he cel. numoer 
per square Inch is 1 20 or more, and the thickness of the cell wall defining the cells rs 0.46mm or less. 
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21. A honeycomb fitter (59) having a plurality olcells defined by acellwall (13) and punfying fluid including particulates 
with the cell wall, the honeycomb filter being characterized in that: 

a specific surface area of grains forming the cell wall is 0.1m*/g or more. 

22. The honeycomo fitter according to daim 21. wherein the cell waD is formed from a sintered silicon carbide body. 

23. The honeycomb fitter according to Cairn 21 or 22. wherein the cell wall e formed from a porous Jipdy. 

<m An 6 xhaust aas purification apparatus including a honeycomb fitter (59) tomed from a sintered porous ceramic 
^ aSnJdlnTcasing (6) that is located in an exhaust gas passage of an internal comousfon engine (2) 
nie^culs^cluded in exhaust gas, the exhaust gas purification apparatus being character** . 

th3t: an average pore diameter of the honeycomb fitter is 5 to 15 urn, an average porosity is 30 to 40%. and the. 
honeycomb fitter has 20% or more of through pores. 
25 The exhaust oas purification apparatus according to claim 24, wnerein the average pore diameter of the honeycomb 

pores. 

2G The exhaust aas purification apparatus according to claim 24 or 25 comprising a plurality of cells including a first 
= "e^ 

27 -he exnaust gas purification apparatus according to any one of claims 24 to 26. wherein the total voiume of the 
honeycomb fitter is 1/4 to 2 times the total displacement of the internal combusnon engme. 
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Fig. 9 
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Fig. 13 
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Fig.15 
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